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PART I 
PHYSIOLOC-IC SPECIALIZATION OP PUCCIITIA 
COROMTA CORDA VAR. ATmAE F. & L» 
INTROD'UCTION 
Oats are the most important small grain over much of 
the corn belt and occupy a position of considerable impor­
tance in other sections of the United States. At present 
the most serious disease of oats in the areas where it is 
widely grown is crown rust, caused by the fungus Puccinia 
coronata Corda, var. avenae F. & L.^ The only practicable 
means of control is through the breeding and distribution 
of varieties of oats resistant to the fimgus. The presence 
of genes for such resistance does not confer a blanket pro­
tection to varieties from damage by crown rust, but enables 
them to resist attacks only by certain specific types of 
crown rust. In practice these types, known as races, are 
defined by their behavior on specified varieties of oats. 
Since the oat breeder is vitally concerned with the occur­
rence, prevalence and behavior of races of crown rust, 
much care must be exercised in the selection of the varie­
ties that are to be used to characterize the races. 
It was with these facts in mind that Murphy (8) se-
^Por the sake of brevity Puocinla coronata Corda, var. 
avenae F. & L. will be referred to by tiie common name of 
the disease, crown rust, throughout the remainder of this 
thesis. 
~ 2 •" 
lected a group of oat varieties In 1935 and designated them 
as a standard set of differential hosts for the purpose of 
characterizing and Identifying races of crown rust. At the 
time of their selection these varieties were of value as 
sources of resistance to the races then prevalent and were 
being used in the breeding of new resistant varieties. 
Consequently races differentiated were of significance to 
the oat breeder. 
Mutation and sexual reproduction of the pathogen, 
however, permit the appearance of new and in some cases more 
virulent races. As such races increase in prevalence varie­
ties that were once resistant may become susceptible, and 
are replaced by more resistant varieties. This is precise­
ly what has happened in the United States in the last 15 
years. As a result, the standard set of differential hosts 
is now composed primarily of varieties susceptible to the 
most common strains of crown rust. Information gained 
through the use of this set is, therefore, of limited value 
at present. 
With this in mind, it was the purpose of this investi­
gation to examine the possibility of establishing a new 
standard set of differential hosts, to include only such 
members of the old set as are still of some practical value 
and certain of the newer varieties that offer sources of 
resistance to the new prevalent races of crown rust. 
REVimv 0? LITEBATUFE 
Hoerner (3) in 1919 was the first to demonstrate 
physiologic specialization of crown rust at fcho varietal 
level of the host. He was able to distinguish four races 
on the basis of the differential reaction of two varieties 
of oats. His form 1 heavily infected both Iowa 73 
(Ruakura Rxistproof) and Iowa 96 (Green Russian), Rjrm 2 
gave slight infection on both varieties and form 3 caused 
slight infection on Iowa 73 and severe infection on Iowa 
96, Form 4 gave severe infection on Iowa 73 and weak in­
fection on Iowa 96. His data also indicated that more 
races probably could have been distinguished by using more 
varieties of oats. 
In 1926 Popp (14) reported the use of three varieties 
Sterilis Selection, WTiite Russian, and Green Rusjiian, aa 
differential hosts and was able to separate four races of 
crown rust from among the 22 isolates studied. 
Parson (11) tested the reactions of 15 collections of 
crown rust on 27 selections, varieties and species of oats 
Only four of these, Avena sterilis. Red Rustproof, Ruakura 
and Green Mountain, proved to be of any practical use as 
differential hosts. These four differentiated five races 
from among the 15 collections. 
In 1930 Murphy (7) reported results of a similar in­
vestigation conducted on a larger scale. He tested the re­
action of 33 varieties and species of oats to 45 collections 
of crown rust (32 from Avena and 13 from Rhamnus). Eight 
of these were found to act as differential hosts, distin­
guishing nine physiologic races. The reactions of these 
varieties were presented in the form of a dichotomous key 
shown below. 
Belar (C.I. 2760) resistant: 
Red Rustproof (C.I. 1079) resistant: 
College Algerians (C.I. 2062) resistant —— form 3 
College Algerians (C.I. 2052) susceptible- — form 8 
Red Rustproof (C.I. 1079) susceptible: 
Cowra (C.I. 2761) resistant- — form 9 
Cowra (C.I. 2761) susceptible- — form 7 
Belar (C.I. 2760) susceptible: 
Iowa no. 69 (C.I. 2463) resistant: 
Avena strlgosa (C.I. 1782) resistant: 
Anthony (C.I. 2143) resistant— — form 4 
Anthony (C.I. 2143) susceptible— form 2 
Avena strigosa (C.I. 1782) susceptible- — form 1 
Iowa no. 69 (C.I. 2463) susceptible: 
Hawkeye (C.I. 2464) resistant- — form 6 
Hawkeye (C.I. 2464) susceptible-— — form 5 
Murphy (8) continued this investigation by testing 
approximately 300 varieties of oats for reaction to each 
of ten cultures of crown rust. With the information obtain­
ed 33 potential differential varieties were selected. These 
33 were inoculated with 245 cultures, and eventually 11 
varieties were chosen to form a standard set for use by all 
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investigators of specialization of crown rust. The standard 
set of 11 differential varieties designated by Murphy are 
listed in Table 1. As this set of differential varieties 
included the varieties used by previous investigators it 
was possible to incorporate races they had discovered. 
Fifteen suoh races were observed by Murphy and were numbered 
1 through 15. In addition, 18 races were Identified that 
could not be related to any previously described. These 
were numbered 16 through 33. 
A short time later Staknian, Levine, Christensen and 
Isenbeck (15) reported the discovery by Murphy of four more 
races which were numbered 34 through 37. During this same 
period Peturaon (13) studied the reaction of the differ­
entials established by Mvirphy to 544 collections of crown 
ruat from Canada. Among these collections a total of 11 
races were differentiated, nine of which (1, 2, 3, 4, 5, 6, 
9, 10, and 24) had been previously described. The two new 
races were designated as 38 and 39. 
The following year (9) a new race was identified in 
Australia by W. L. Waterhouse. It was designated as num­
ber 40. At about the same time Murphy and Levine (10) re­
ported the discovery of a new race, number 41, to which 
the previously resistant variety Victoria was susceptible. 
They suggested the addition of Victoria and Bond to the 
Talile 1. Differcintial oat varieties used to identify races of crown rust. 
No. Variety C.l.Ko. Classification 
1 Ruakura 20S& Avena sativa 
2 Green Russian 2890 II II 
3 HevTkeye 24;.4 It II 
4 Anthony 2143 II 11 
5 Sunrise 982 tl It 
6 Victoria 2401 II Tt 
7 Green Mountain 1892 Avena sativa orientalis 
8 White Tartar 551 II ft H 
9 Appier 1815 Avena byzantina 
10 Sterisel 2981 11 Y1 
11 liolar 27b0 II « 
12 Bond 2733 11 II 
13 Glabrota 2b30 Avena strij^osa 
Reference 
14 
15 
lb 
17 
16 
19 
20 
Landhafer 
Santa i-'e 
Uki'aine 
Trispernia 
Bondvic 
Saxa 
Clinton 
5522 
4619 
3259 
4009 
5401 
41339 
3971 
Avena bygantina 
Avena sativa 
Iloerner (3), t'arson (11), Peturson (13) Freiizel (2), 
tkrphy (8), Erown (l)j Kingsolver (4) 
Hoerner (S), Fopp (14), Peturson (13), l&irphy (6), 
Brown (l), Straib (lo), Kinrsolver (4) 
Murphy (7,S), lirown (ly, Peturscn (13), > 
KinKjSolver (4) 
^i""phy (7,8), Brovm (1), i-eturson (13), 
Kintisolver (4) 
ijurphy (6), Bi'own (1), Peturson(l3), Kingsolver (4) 
Murphy (10), Brown (1^ Straib (lu), Kingsolver (4) 
Parson (11), Peturson (15), Frenzel (2), 
Hurphy (B), Bi'Own (1), Straib (lb) 
Mirphy (6), Peturson (13), Brown (1), 
Kin^solver (4) 
Parson (11), ?eturson (13), ironzel (2), 
liirphy (7,cj), 3ro\rti (1), Straib (lb). 
Kingsolver (4) 
Popp (14), Peturson (IS), i"'arson (ll), Jdurphy 
(8), brown (1), ctraib (lo), Kin^solver (4) 
Murphy (7,S), hravjii (1), Peturson (13) 
iiirphy (10) , Browii (1) 
I/iUrphy (8), Brown (1), Peturson (13), Straib (lb), 
Eingsolver (4) 
Straib (lb), Kingsolver (4) 
21 Santa Fe x Clinton 5400 
Kin^solver (4) 
It tl Kot previously used 
Avena Gativa It II tt 
Avena stri^osa 
sativa 
—u 
11 It n 
Avena II 
It tt 
ft tf 
tf 
tt 
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standard set of differential varieties. 
Brown (1), working in England, was able to identify 
foiir races using the 11 differential varieties. One of 
these, race 6, had been previously observed in North 
AiJierica and in Australia, The remaining three had not been 
described prior to tliis time and were designated as races 
42, 43, and 44, Race 43 was found in material obtained from 
Portugal, while races 6, 42, and 44 represented collections 
made in Great Britain, In 1958 Moore, Downie and Murphy (6) 
reported the discovery of a new race of crown rust that was 
able to attack Bond, which was regarded as a highly resistant 
variety at that time. This race was designated as number 45, 
Race 46 was first described by Murphy (9) who also credited 
the discovery of race 47 to Waterhouse, 
The work of the German Investigators is interesting 
because their results do not follow the pattern found by 
plant pathologists of other countries, i%ponzel (2) isolated 
55 cultures from 27 collections of crown rust made in 
Germany, These were tested on the following nine varieties, 
(1) Ruakura (C,I, 2025), (2) Uruguay oat, (3) Red Rustproof 
(C,I, 1815), (4) Bri, (5) Bruning*s winter oat, (6) Green 
Mountain {C,I, 1892 ), (7) Odenwalder Strausshafer, 
(8) Avena sterilis nigra and (9) Mortgage, Thirty-three 
separate races were distinguished averaging over one race 
- n . 
per collection. He nsed, however, finer diatinotiona to 
determine races than the American investigatorfs had employ­
ed. A few years later Straib (16), also working in Germany, 
tested 147 collections from different locations in Germany 
on 15 varieties. Some of those varieties had been previous­
ly used by .^enzel while others corresponded to differential 
varieties used in the United States. ?rora these 147 collec­
tions he identified 142 distinct races. His results, there­
fore vfere similar to those reported "by Frenzel, and it 
appeared that nearly every collection of crown rust they 
obtained in Germany represented a new and distinct race. 
Kingsolver (4) and Kingsolver and Murphy (5) compared 
the reactions of the differential varieties selected by 
Murphy to certain isolates of crown rust with the reactions 
of differentials used by straib to the same isolates. Be­
sides Green Russian, Victoria, Green Mountain, Red Rust­
proof, Sterisel, Glabrota and Bond which are found among 
the varieties used by Murphy, the varieties Straib used 
Included Gigantea, Schwartzhafer, Uruguay, Odenwalder, 
Strauss, Landhafer (Landhafer aus Uruguay), Sandhafer, 
Plughafer, and Mortgage. Kingsolver (4) and Kingsolver and 
Murphy (5) tested the reactions of the two sets of differ­
entials to 81 single pustule isolates taken from crown 
rust collected in 17 different states. 
•Mlneteen races were diatinguished among the 81 isolates 
by using the 13 varieties selected by Murphy, With the 15 
varieties used by Straib 46 races were identified from the 
same inaterial. The t?;o sets ooinbined differentiated 55 
races, and when UltraIne (Mutxca "Jkraine} was added a total 
of 60 races could be differentiated. Haces 1 and 6 were 
the most prevalent types identified on the varieties used 
by '/Turphy. The 24 isolates designated as race 1 were divid­
ed into IS races by tlie differentials used by Straib, while 
the 28 isolates representing race 6 were divided into IG 
races in the sarae way. On the other hand 12 isolates giving 
the same reaction on the varieties used by Straib v/ere 
differentiated into two races by their reaction on the 
standard set of 15 differential varieties. 
Erom the standpoint of efficiency, where efficiency 
refers to the number of races identified in relation to the 
number of varieties coinprising the set, the eight varieties 
used only by Straib were best. The seven varieties that 
the two men had used in common were inferior to either of 
the complete sets. 
Among the races that Kingsolver (4) and Kingsolver and 
Murphy (5) Identified on the differential varieties used by 
Murphy were six that had not been previously described. 
These were numbered 48 through 53. 
10 -
Descriptions of 54 to 101 inclusive vrith the exception 
of races 55 and 66, have not been published, but have been 
presented as unpublished data by Murphy (9). Race 54 was 
first identified by B. Peturson in Canada. Races 55 and 56 
were discovered in South America by Vallega (17), while the 
large group of races numbered from 57 through 95 were 
described by Murphy (9). Races 96 through 100 were dis­
covered in Wales and were reported by D» J. Griffiths in 
1950, Race 101 was discovered by the author in 1951. 
- 11 -
MATERIA IS AHD IffiTHODS 
Materials Used 
In 1935 Murphy (8) recognized the desirability of a 
\miforia set of differential varieties to be used by all in­
vestigators on physiologic specialization in crown rust. 
In order- to give a standard designation to each race pre­
viously Identified it was necessary to inclMe those var­
ieties that had been used as differential hosts by earlier 
investigators. This fact, along with the results of ex­
tensive testing of about 300 varieties, lead to the selec­
tion of 11 standard varieties. When this choice was made, 
all of the varieties included were of importance in the 
breeding of crown rust resistant oats with the exception 
of Ruakura and Glabrota. The addition of Bond and Victoria 
a short time later strengthened the set to permit identifi­
cation of races important to the oat breeder. 
The work of Pi'enzel (2) and Straib (16), reviewed more 
fully above, made it appear advisable to re-examine the 
objectives of detecting variants of crown rust. The earlier 
investigators, such as Hoerner (3), had as one of their 
Important objectives the proof of the existence of speciali­
zation at the varietal level of the host. Once this point 
- 12 -
was thoroughly eatabllshed, however, attention was turned 
primarily to the significance of the racial composition of 
the crown rust populations in its relationship to the breed­
ing of rust resistant oats. 
The work of the German investigators served to empha­
size the futility of cataloging every variant that could be 
distinguished on the basis of fine gradations of path­
ogenicity on a large and efficient set of differential hosts. 
With such a procedure they v/ere able to identify nearly as 
many different races as they had collections. While this 
knowledge may be of some academic interest it is of very 
little value to the oat breeder. In order to be usable from 
a practical standpoint races identified in this manner should 
be consolidated into groups distinguished by significant 
variations in pathogenicity either on commercial varieties 
of oats or those used as parents in breeding programs. It 
would appear that considerable economy could be attained by 
choosing a set of varieties each of which represented a 
potentially valuable source of resistance to crown rust. 
A number of field collections identified as a certain race 
by such a set could in all probability be shown to comprise 
several lesser strains or biotypes when tested on certain 
other varieties of oats. This information, however, would 
be of little value from a practical standpoint. 
Since 1935 many of the original varieties chosen by 
13 -
Murphy (8) have lost their importance in the breeding pro­
gram. They have been replaced by newer introductions cur­
rently utilized as sources of resistance. Changes in the 
rust population have resulted in the decline of certain 
races which the old varieties would differentiate. Conse­
quently some of them have even lost their value as differ­
ential hosts. It seems, therefore, that it would be wise 
to consider the possibility of revising the differential 
varieties selected by Murphy. 
The testing of certain varieties representing the new 
er souroea of resistance to crown rust along with the old 
standard set of 13 differential varieties was a primary ob 
Jective of tMs investigation. A total of 21 varieties of 
oats, shown in Table 1, were used over the two year period 
covered by the investigation. All varieties except Saia 
were used to identify collections made in 1950 while Saia 
was «dded for identification of collections made in 1951. 
For purposes of comparison the varieties were arranged 
into three different groups or sets. In 1950 the first 
set was composed of numbers 1 through IS, representing 
the old standard differential varieties as established by 
Murphy. The second group contained varieties 4, 6, 9, 12, 
14, 15, 16, 17, 18, 20, and 21. It should be noted that 
Anthony, Victoria, Appier, and Bond appear in both these 
- 14 -
groups. They were included in the second set because they 
represent aouroes of resistance that are of importance in 
many of the varieties of oats that are being grown oomer-
cially at this time. The third group contained varieties 
1 through 18, 20, and 21. The same groupings were used for 
testing collections inade in 1951 except that Saia was added 
to the second and third sets. 
The variety Clinton was derived from a cross involving 
Bond and prestunably has the same genotype in so far as re­
action to crown rust is concerned as does Bond. In this 
study Clinton was shown to be susceptible to all collections 
that attacked Bond and resistant to all that did not attack 
Bond. A similar situation exists between the variety Santa 
Pe and its derivative Santa F© x Clinton. Consequently the 
presence of Clinton and Santa Fe x Clinton among the differ­
ential varieties added nothing to a knowledge of speciali­
zation among the isolates of crown rust tested. For this 
reason these two varieties will not be considered in the 
presentation of experimental results. 
For convenient reference Table 2 shows the three sets 
of differential varieties, minus Clinton and Santa Fe x 
Clinton, as they are described above. The numbering used 
in this table will be used throughout the remainder of the 
thesis. 
Table 2< Three combinations of differential varieties used lor identification of collections 
of orown rust made in 1950 and 1951• 
Old set Nev/ set CotTibined set 
No. Variety No. Variety Ro. Variety 
1 Ruakura AnthoiQr 1 Ruakura 
2 Green Russian 2 Victoria 2 Groen Russian 
3 ilawkeye •• 3 Appier S Ilawkeye 
4 Aathony -•'4 Bond 4 Anthory 
5 Sunrise v5 Landhafer 5 Sunrise 
b Victoria 1 . o Santa Fe d Victoria 
7 areen Mountain ^ 7 Ukraine 7 Green ilountain 
8 TiYhita Tartar ' 8 Irispernia 8 VTnite Tartar 
9 Appier • Bondvie 9 Appier 
10 Sterisel 10 Saia(not used in 1950) 10 iiterisel 
11 Belar 11 Belar 
12 Bond 12 Bond 
13 Slabrota 13 Glabrota 
14 Landhafer 
15 Santa Fe 
lu Ukraine 
17 Trispernia 
18 Boadvic 
19 i3aia(not used in 1G50) 
- 16 -
Sixteen of these varieties had been employed by previous 
investigators to differentiate races of crown rust. The 21 
varieties with their C,I. numbers, taxonoraic classification 
and list of investigators who have used thera previously are 
shown in Table 1, Seed of all varieties was furnished by 
Dr. H, C. Murphy of the Bureau of Plant Industry, United 
States Department of Agriculture, Ames, Iowa, 
Differential varieties 1 through 16 have been described 
in ttB9 literature noted in Table 1. Landhafer, which was 
called Landhafer aus Uruguay, by Straib (16) was presumably 
of South American origin, Trispernia came to the United 
States from Canada, but was originally introduced into 
Canada from Rumania. 
Bondvic was developed at the Iowa Station from an 
Anthony-Bond x Boone cross. Also developed at the Iowa 
Station were Clinton and Santa I'^e x Clinton, the former 
being a selection originating from a D-69 x Bond cross. 
Saia was introduced into the United States from Canada. 
Method of Procedure 
Collections of crown rust were obtained from plant 
pathologists and others located in widely scattered states. 
- 17 
With few exceptions the collections were mailed to Ames, 
Iowa, in the form of Infected leaves taken from diseased 
plants in the field. Upon arrival they were niirabered and 
stored in a refrigerator afc about 45° F«, and held until 
they could be increased on the variety Markton, Markton, 
a fully ausoeptible variety, was used throughout for 
maintaining and increasing cultures. 
Except v/hen prohibited by practical considerations, 
plants to be Inoculated were grown separately in a room free 
of crown rust. Pour to six young plants grown in pots were 
inoculated when the first foliage leaf had developed from 
two to three inches of flat surface. The method of inocula­
tion was similar to that described by Murphy (8). All ino­
culations were made in a transfer box located in a plant-
free room. Between inoculations the inside of the box was 
thoroughly sprayed with water to clear the air of spores. 
Plants to be inoculated were first rubbed down by 
drawing the first foliage leaf between the moistened thumb 
and forefinger with enough force to remove part of the 
cuticle. After drying, the plants were sprayed lightly 
with an atomizer to produce a fine film of water on the 
leaves. A flat sterHissed needle was used to scrape 
urediospores from stored leaves and transfer them to the 
young plants. The same procedure was used for transferring 
18 -
oulturea from one living plant to another, V^hen inoculiua 
was abundant, spores from infooted plants were dusted over 
plants to be inoculated. This method gave very satisfactory 
infection. 
After application of inociilum plants were again lightly 
sprayed and placed in a chamber where the relative humidity 
was near 100 percent. This was usually done in late after­
noon or evening to avoid the possibility of injury to either 
host or parasite due to high day-time temperatures. The 
following morning tli© doors of the chaiober were partially 
opened until the plants had been given sufficient time to 
slowly dry. About six or seven days later, when the early 
symptoms of white flecking were becoming apparent but before 
any urediospores had been liberated, lamp chimneys plugged 
with cotton were placed over the Markton plants on which 
cultures were carried or increased. Chimneys were not used 
on differentials. The chimneys remained in place ^Intil the 
culture was transferred four or five days later. 
In order to allow time for the host-parasite inter­
action to become fully expressed, degree of infection on 
differential varieties was not read until 12 to 14 days 
after inoculation. Readings were made according to the 
scale established by Murphy (8) presented below. 
- 19 -
Symbol Host Reaction Description 
Immune No macroscopic evidence of 
infection* 
0 nearly immune Chlorotlc flecks or sometimes 
necrotic areas formed, lio uredia. 
Highly resistant Chlorotic or necrotic areas some 
of which surround very small 
("pinpoint") uredia. 
2 Moderately 
resistant 
Chlorotic or necrotic areas 
produced, most of which surround 
small to midsized uredia. 
X Mesothetic A coxabination of tv.'o or more 
resistant and susceptible infection 
types in varying proportions on 
the same leaf. 
3 Moderately 
susceptible 
No necrosis, Chlorotic areas 
surround abundant uredia that are 
mid-sized to larg;e. 
4 Coii5>letely 
susceptible 
No necrosis or chlorosis near the 
uredia, which are abundant and 
large. 
POP purposes of race identification only two classes, 
resistant and susceptible, were recognized. Reactions 
"I", "0", "1", and "2" were designated as resistant. Re­
actions "3" and "4" were designated susceptible. 
- 20 -
EXPERIMENTAL RESULTS 
Analysis of Collections Ifede in 1950 
During the year 1950 a total of 458 collections of the 
uredial stage of crown rust were received from various 
locations in the United States. Many of these, however, 
either contained no spores or only inviable spores. Viable 
collections were increased on the variety Markton until a 
sufficient quantity of urediospores had been produced to 
inoculate a set of differential varieties. 
An attempt was made to identify all collections made 
in 1950 on varieties listed under materials and methods. 
This was not always possible because of the occasional loss 
of plants, faulty technique, or other difficulties. A 
number of the collections proved to be mixtures of tv/o or 
more races. The problem was somewhat complicated by the use 
of three different groups of differential varieties. Two 
races for example, could be Isolated from a single collec­
tion using one of the groups of differential varieties 
while the same collection could be designated as a homo­
geneous race when tested on another group. The results re­
ported in this thesis are on a "culture" rather than on a 
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"collection" basis, A culture corresponds to a collection 
where the collection is composed of a single race, which 
proved to be true in the majority of cases. 
A total of 290 cultures from collections made in 1950 
were identified by the reactions of the old set of 13 
differentials, while 350 cultures were tested on the new 
set of nine differentials. Much of the discrepancy is 
accounted for by the susceptibility of certain varieties 
of the old set, such as Sunrise and Belar, to extreme 
necrosis when exposed to high temperatures in the humidity 
chaniber# When this necrosis interfered with rust readings 
it was not possible to identify the culture. Two-hundred-
eighty-six cultures were Identified on the basis of re­
actions of the combined group of 18 new and old differen­
tial varieties. 
The reactions of the old set of 13 varieties to 
cultures of crown rust taken from collections made in 1950 
are summarized in Table 5. A total of 14 races were differ 
entiated. Descriptive formulas for each of these 14 races 
are presented in Table 4, and their prevalence and distribu 
tion are shown in Table 5. 
Race 1 is of interest because it represents the oldest 
race of crown rust and does not attack Bond. Two newer 
races, 56 and 78, also unable to parasitize Bond, were 
identified. They were each represented by a single culture 
Table 3. Reaction of the old set of 13 differential varieties to races of orovm rust found 
anionic oolleotions made in 1950# 
Variety 
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Average type of infection on differential varieties* 
o 
,o ai iH C5 
1 9 3.1 4 4 4 4 4 1 4 4 4 4 4 0 I 
45 183 53.1 3 4 4 3 4 2 4 4 4 4 4 4 I 
56 1 .3 4 4 4 4 4 3 4 4 4 4 4 0 I 
57 23 7.9 1 4 4 3 4 2 4 4 4 4 4 4 I 
b8 1 .3 4 4 1 1 4 2 0 0 4 4 4 4 I 
&9 1 .3 1 4 1 1 4 2 1 0 4 4 4 4 I 
78 1 .3 4 4 1 1 4 2 4 4 4 4 4 0 I 
88 20 6.9 3 4 0 0 4 1 4 4 4 4 4 4 I 
89 1 .3 3 4 4 4 4 2 4 4 4 4 4 4 3 
90 3 1.0 1 3 1 1 4 2 4 4 4 4 4 4 I 
91 2 .7 3 4 1 4 4 2 3 0 4 4 4 4 I 
95 34 11.7 4 4 0 4 4 2 4 4 4 4 4 4 I 
101 2 .7 3 4 4 4 4 4 4 4 4 4 4 4 I 
102 9 3.1 4 4 4 1 4 2 4 4 4 4 4 4 I 
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Table 4, Descriptive formulas for races identified in 
1950 using the old set of 13 differential 
varieties. 
Eace Formula® 
69 1 3 4 6 7 8 13 
90 1 3 4 6 13 
57 1 6 13 
68 3 4 6 7 8 13 
78 3 4 6 12 13 
88 3 4 6 13 
91 3 6 8 13 
95 3 6 13 
102 4 6 13 
1 6 12 13 
45 6 13 
89 6 
56 12 13 
101 13 
®Numbers refer to the differential varieties as they 
appear in Table 2. The varieties represented by the 
niimber in a particular race formula are resistant to that 
race* 
Table 5. Prevalence end distribution of races of crown rust identified from various locations 
in 1950 using; the old standard set of 13 differential varieties. 
Area and location 
Number of cultures identified as race number Total 
1 4o bY iiii o9 7tt bci By • 90 yr yt • icji" iU2 Uuiture Kaoes 
Northoentral 
Illinois 1 1 1 
Indiana 1 1 1 
Iowa 21 3 1 4 2 31 5 
Kansas 1 8 1 4 1 2 1 16 7 
liichigan 1 1 2 1 
Minnesota 1 1 1 
Nebraska 7 2 2 1 12 4 
North Dakota 1 2 3 2 
Ohio 1 1 1 
South Dakota 1 1 1 
Wisconsin 8 6 1 
Northeastern 
Jilaryland 2 1 3 2 
Pennsyl-wiania 1 1 1 
Y<est Virginia 4 1 2 7 3 
Table S* (Continued) 
Number of cultures identified as race number Total 
Area and location "3 45 56 57 bS b9 78 88 89 90 91 95 101 102 Culture Races 
Souiiiern 
Arkansas 9 1 1 1 12 4 
Alabama a 18 3 1 3 1 32 t) 
Florida 10 1 1 2 1 15 5 
Georgia 1 7 1 1 10 4 
Kentucky 2 1 5 2 
Louisiana 7 1 1 1 10 4 
Mississippi 22 1 1 1  2 5 2 34 7 
Mssouri 3 1 1 1 b 4 
Oklahctna 1 1 1 3 3 
South Carolina 8 1 1 1 11 4 
Tennessee 1 1 1 
Texas 1 27 5 4 1 2 7 2 1 50 9 
Virginia 6 1 7 2 
Western 
Vfyoming 1 1 1 
Foreign 
Hicuaragua 5 5 1 
Total 9 183 1 23 1 1 1 20 1 3 2 34 2 9 230 14 
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The collections froin which races 1, 56 and 73 were isolated 
were, with one exception, made in the southern states. One 
collection was made in Kansas. The absence of these races 
in the northern states may have been due to the almost 
exclusive use of the resistant Bond derivitives in this 
region. 
Bond was susceptible to the other 11 races. Of these, 
race 45 was by far the most prevalent, accounting for 63.1 
per cent of the total. Race 57 differs from race 45 only 
by the reaction on Ruakura. Ruakura was susceptible to 
race 45 and resistant or inoderately resistant to race 57. 
Its reaction to these races was affected by environmental 
variation, however, so that a range of symptoms from 
susceptible to resistant could be fovind. Consequently it 
may be desirable to consider races 45 and 57 as a single 
race. When combined they constitute 71.0 per cent of the 
1950 cultures. 
Race 96, the second moat prevalent race, differed from 
race 45 only by its inability to attack the variety Hawk-
eye, Race 88, which was identified 20 times, differs from 
race 45 only by the reactions of Hawkeye and Anthony, 
Race 90, which constituted about 1 percent of the cultures 
identified, differed from race 88 only by the reaction of 
Ruakura. 
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Races 91 and 101 v/ere each identified twice v/hile the 
remaining races, 68, 69, and 89, were each isolated once. 
Race 89 was the only one that attacked Glabrota. 
Race 101, which attacks all of the differential vari­
eties except Glabrota, was identified for the first time in 
1950, The two collections from which it was isolated were 
made at Weslaco, Texas, by I, IJ. Atkins, One was obtained 
from the variety Landhafer and the other from an unknown 
variety. Race 102, which is similar to race 45 except for 
its inability to parasitize Anthony, also was first describ­
ed in 1950. It was isolated nine times. 
An evaluation of tlie varieties from the standpoint of 
their efficiency as race differentials seemed worthv/hile. 
A variety that was susceptible to all collections, or that 
was resistant to all collections, would have no value as a 
differential host. 
If a variety was resistant to one culture and suscep­
tible to the rejuainder, its maximum effectiveness would be 
limited to the differentiation of two races, and if re­
sistant to several cultures it could differentiate a nxunber 
of races* When the number of differential varieties used 
becomes relatively large, the number of races that theo­
retically could be differentiated becomes very large, even 
when only two distinctions, resistant and susceptible, are 
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employed. When the number of cultures is limited to a few 
hundred, the maximum effectiveness of a variety as a differ­
ential host may be attained when it is resistant to one-half 
the cultures and susceptible to the remainder. 
The percentage of cultures obtained from collections in 
1950 that parasitized each of the 13 differential varieties 
is shown in Table 6. The assumptions outlined above have 
been used as the basis for calculating the "relative effi­
ciency" index values shown in the right hand column of 
Table 6 adjusted to a scale where 100 equals theoretical 
maximum efficiency. 
The variety Hawkeye was the most useful differential, 
being 42,8 percent efficient, Anthony and Ruakura with 
24,1 and 18.6 percent efficiency respectively also were of 
value in differentiating cultures. Bond, exhibited 7.6 
percent efficiency, while V/hite Tartar, Victoria, Green 
Mountain, and Glabrota comprise a group all of which were 
less than 3 percent efficient. The varieties Green Russian, 
Sunrise, Appier, Sterisel, and Belar were given an effi­
ciency of 0.0 percent, since none of them differentiated 
cultures. 
This type of analysis may be employed using the rela­
tive number of different races actually identified as the 
criterion of efficiency. The number of distinct races that 
could have been differentiated if each of the varieties had 
Table b» Numbers of oultiires of crovm rust parasitizing each of the varieties of the old set 
of 13 differential varieties in 1950. 
Variety 
Cultures parasitizing Cultures not parasitizing; Relative 
Number Percent Number percent efficiency® 
Suakura 2b 5 90.7 27 9.3 18.6 
Green jKussian 290 100.0 0 0.0 0.0 
Hawkeye 228 76,6 52 21.4 42.8 
Anthony 255 b7.9 35 12.1 24.1 
Svinrise 290 100.0 0 0.0 0.0 
Victoria 3 1.0 2b7 99.0 2.1 
Green 
Mountain 28S 99.3 2 .7 1.4 
Vihite Tartar 2&b 98 .b 4 1.4 2.6 
Appier 290 100.0 0 0.0 0.0 
Sterisol 290 100.0 0 0.0 0.0 
Belar 290 100.0 0 0.0 0.0 
Bond 279 9b>2 11 3.8 7.6 
Glabrota 1 .3 289 99.7 .7 
^•Relative effioienoy adjusted to a scale where 100 equals maximum efficiency. Maximum 
efficiency for a [-iven variety is desii^nated as that point where the variety is susceptible 
and resistant to equal numbers of isolates* 
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been omitted in turn, is shovm in Table 7. The efficiency 
of any given variety is in inverse proportion to the number 
of races identified in its absence. In comparing this 
ranking with that given in Table 6 there are no differences 
in as far as the varieties Green Russian, Sunrise, Appier, 
Sterisel and iielar are concerned. They contributed nothln^^ 
to tlie differentiation of crown rust cult\ipes or toward the 
identification of specific races among the isolates. Eith 
other varieties, the two rankings differ significantly. If 
either Ruakura or Sond had been omitted only 11 races would 
have been differentiated, v/hile the inclusion of these two 
resulted in the identification of 14 races. If either 
Victoria or Anthony had been omitted, 12 races would have 
been identified. The exclusion in turn of each of three 
other varieties, Hawkeye, White Tartar and Glabrota, re­
sulted in the differentiation of 13 races. When Green 
Russian was omitted, 14 races were identified, making it 
no more useful than the varieties that showed a uniform 
reaction to all cultures. 
Ruakura had a high rating on both scales. Bond, which 
led when nuidaer of races identified v/as considered, was 
relatively low on the theoretical basis. Victoria was sim­
ilar to £ond. Hawkeye and Anthony, highest on the scale of 
theoretical efficiency, were relatively poor in identifying 
Table 7* Si'i'eot of removinii, eaoh of the varieties of the old set of 13 differential varieties 
in turn on the number of races differentiated Knong cultures studied in 1960. 
Varieties used 
Number of raoes 
differentiated 
Old set Of 13 differential -varieties 14 
Old set of 13 differenbial varieties minus Ruakura 11 
» w N f< ti 11 tf Green Russian 14 
M 11 n « It ti n Hawkeye 13 
n 11 n n 11 tt It Anthony- 12 
1) n 11 ft n n II Sunrise 14 
ti II ti If If II If Victoria 12 
n It II II If II ti Orsen Mountain 14 
tf St tf If It (t tt White Tartar 13 
n II n ft H ti ft Appier 14 
ft ft ft n If 11 » Sterisel 14 M It ti II 11 II It Belar 14 tf H 11 II n If tt Bond 11 
If It ft fi ft 11 Glabrota IS 
w i-J 
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different races among tlie 1950 cultures. \Vhits Tartar and 
Glabrota were low on both scales. 
It should be eiapliasized that these data are for only 
one year, and based on a limited sample of collections of 
orov/n rust. All conoluaiona draim may be true for these 
oollections, but generalizations on usefulness of any 
particular variety or the prevalence of any special race 
are limited to the extent that these collections represent 
a cross section of the total rust population. 
A total of 27 races could be differentiated among the 
350 cultures from the 1950 collections, using the new set 
of 9 differential varieties. The frequency of occurrence 
of the races and the typical reaction of each variety are 
shown in Table 8. Descriptive formulas for the 27 races 
are presented in Table 9. The prevalence and distribution 
of the 27 races identified among the 1950 collections, 
using the new set of differential varieties, are presented 
in Table 10. 
Race 205a, the most prevalent, appeared 138 times 
making up 29.4 percent of the total number of cultures 
identified. Anthony, Appier and Bond were susceptible to 
race 205a while the remaining varieties, Victoria, 
Landhafer, Santa J^e, Ukraine, Trispernia, and Bondvic, 
were resistant. 
Table 8. Eeactions of ilxe new set of nine differential vax-ieties to races of crown jrust found 
aniouji oolleotioris made in 1360. 
Variety 
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Averaf; e ti/pe of infeotion on differential T&rietios 
201a 11 3.1 3 2 4 4 0 0 4 3 1 
202a 28 8.0 4 0 4 4 0 0 4 1 0 
203a 4 1.1 3 2 4 I 0 0 1 3 1 
204a 2 .& 4 2 4 0 0 0 0 1 3 
205a 1S8 39 .4 4 2 4 4 0 0 I 1 1 
SOcia 1 .3 1 2 4 4 0 0 4 1 S 
207 a 5 1.9 3 2 4 4 0 1 4 1 3 
20Ga 42 12.0 4 2 4 4 I I I 3 I 
209a 1 .3 4 4 4 I 0 I I 3 0 
210a 1 .3 4 4 4 4 0 0 1 0 1 
2Ua 41 11.7 1 2 4 4 0 0 I 1 1 
212a 11 3.1 4 2 4 4 0 0 I 3 3 
213a Ifa 4.3 4 0 4 4 0 0 I 0 3 
214a 6 1.7 4 2 4 4 0 0 4 4 3 
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215 a 4 1.1 4 0 4 0 0 0 0 0 
0 
2l6a 4 1.1 0 0 4 0 0 0 0 
0 0 
217a a 2.3 0 2 4 4 
r, 0 4 0 1 
218a 2 .b 1 2 4 4 0 0 4 4 
0 
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222a 2 1 0 4 4 0 0 0 3 
223a 2 •U 1 0 4 0 0 0 I 0 3 
224.a 1 .3 1 2 4 I Q I I 4 3 
225a 2 .t> 5 0 4 I 0 0 I 3 S 
22(3 a 1 .3 1 4 4 4 1 0 I 4 3 
227a 1 .3 4 4 4 4 1 0 I 4 3 
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Table 9, Descriptive formulas for races identified in 1950 
using the new set of nine differential varieties. 
Race Formula® 
216® 1 2 4 5 6 7 8 9 
225® 1 2 4 5 6 7 8 
224® 1 2 4 5 6 7 
211® 1 2 5 6 7 8 9 
222® 1 2 5 6 7 8 
219® 1 2 5 6 7 9 
220® 1 2 5 6 7 
217® 1 2 5 6 8 9 
206® 1 2 5 6 8 
218® 1 2 5 6 9 
226® 1 5 6 7 
215® 2 4 5 6 7 8 9 
204® 2 4 5 6 7 8 
202® 
225® 
2 4 5 6 7 9 
2 4 5 6 7 
221® 2 4 5 6 9 
205® 2 5 6 7 8 9 
213® 2 5 6 7 8 
208® 2 5 6 7 9 
212® 2 5 6 7 
202® 2 5 6 a 9 
207® 2 5 6 8 
201® 2 5 6 9 
214® 2 5 6 
209® 4 5 6 7 9 
210® 5 6 7 8 9 
227® 5 6 7 
®lTunibers refer to the differential varieties as they 
appear in Table 2. The varieties represented by the 
numbers in a particular race formula are resistant to 
that race. 
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!Text in order of prevalence were races 20Sa and 211a 
accounting for 12»0 and 11.7 percent, respectively, of the 
total cultures identified. Race 208a was similar to race 
205a except that the former produced a moderately suscepti­
ble reaction on the variety Trispernia, In general this 
variety showed considerable variation in its rGaction to 
any given culture apparently due to the effect of tempera­
ture and possibly other environmental factors. It is quite 
possible that certain cultures producing a susceptible re­
action on Trispernia, would have been classified as race 
205a, \mder different environmental conditions. Race 211a 
also differed from race 205a by the reaction of a single 
variety. Anthony v/as susceptible to race 205a, but not 
to race 211a. 
Race 202a, isolated 28 times, was fairly coinnion. It 
is of interest because of the ability of this race to pro­
duce a fiilly susceptible type 4 reaction on the variety 
Ulcraine. 
The remaining races were identified less frequently. 
Race 212a made up 4.3 percent of the total cultixrea, and 
differed from race 205a only by its ability to attack 
Bondvic. The reaction of Bondvic to certain races appeared 
to be influenced somewhat by environmental conditions. 
Race 219a was identified 12 times while races 201a and 212a 
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each appeared 11 times# Races 217a, 214a, 207a, 203a, 215a, 
216a, and 220a each comprised between 1 and 2 percent of 
the total. Race 214a, isolated 6 times, was of special 
interest because of its virulence, attackins all nine var­
ieties with the exception of Victoria, Landhafer, and Santa 
Fe, Race 216a was the least virulent, parasitizing only 
Appier• 
Races 204a, 218a, 222a, 223a, and 225a each appeared 
twice in the 1950 collections. The remaining races, 206a, 
209a, 210a, 221a, 224a, 226a and 227a, v/ere identified only 
once. Race 227a was highly virulent, with Landhafer, Santa 
Pe and ITkraine the only varieties showing resistance to this 
race. 
The percentage of isolates that parasitized each of the 
nine differential varieties is shown in Table 11. The 
relative efficiency Index values shovm in the right hand 
column of the table indicate that Trispernia and Anthony 
were of potentially greater value as differential hosts 
than were the other varieties. They were given efficiency 
ratings of 50,3 and 44,6 percent respectively. Next in 
order were Bondvic and Ukraine which were 30,3 and 29,1 
percent efficient, respectively. Bond had a rating of 
12,0 percent and Victoria a rating of 2.3 percent, Appier, 
Landhafer and Santa P3 contributed nothing toward differ-
Table 11« Numbers of cultures of crown rust parasitizing each of the varieties of the new set 
of nine differential varieties in 1950. 
Cultures parasitizing; Cultures not parasitizing Relative 
Variety Kumbers Percent Kuniber Percent efficiency^ 
Anthony 272 77.72 78 22.29 44.57 
Victoria 4 1.14 346 9& .So 2.29 
Appier 350 100.00 0 0.00 0.00 
Bond 329 94.00 21 6.00 12.00 
Landhafer 0 0.00 350 100,00 0.00 
Santa Fe 0 0.00 550 100.00 0.00 
Ukraine 51 14.57 299 65.43 29.14 1 
Trispemia 88 25.14 262 74.8L> 50.29 Ci3 
CO 
1 
Bondvie 53 15.14 297 64 .bo 30.29 
^Relative efficiency adjusted to a scale v;here 100 equals maxiiuuiiL effioieaoy. L!axijnum 
efficiency for a given variety is desi^iated as that point where tiie variety is susceptible and 
resistant to equal numbers of isolates. 
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entiatlon of the cultures. Appier was susceptible to all 
cultures, while the other two were uniformly resistant. 
The value of each of the varieties in terms of the 
number of races that would have been identified if any 
specific variety had been omitted from the set is shown in 
Table 12, Using this criterion, Anthony, in whose absence 
only 16 races were identified was the most useful differ­
ential variety. Trispernia, Bondvic, Bond and Ukraine, 
were next in order. The exclusion of Victoria resulted in 
the identification of 22 races, while removing Appier, 
Landhafer or Santa Pe did not reduce the number of races 
differentia ted. 
The relationship between theoretical and actual 
efficiency is shown graphically in Figure 1, The two 
values are in agreement for Anthony and Ukraine. The a-
greement for Bondvic also was good, but the relationships 
for Victoria, Bond, and Trispernia were rather poor. The 
two methods were perfectly correlated for the varieties 
Appier, Landhafer, and Santa Fe« The correlation coeffi­
cient was .SV. This was significant at the ,01 level and 
indicates a positive relationship between the theoretical 
and actual efficiencies. 
When the two preceding sets of differential varieties 
are confljined into a single set of 18 varieties greater 
Table 12. Effeot of removing each of the varieties of the new set of nine differential varieties 
in turn on the number of races differentiated among tiio 1950 cultures. 
Kiffiiber of races 
Varieties used differentiated 
Now set of nine differential varieties 27 
Kew set of nine differential varieties minus Anthony lu 
11 It tl w II 11 n Victoria 22 
n It II It It tt II Appier 27 1 
It It rt It It tt n Bond 19 
M It w « 11 11 n Landhafer 27 O 
11 11 11 It 11 It tl Santa Fe 27 1 
II II It 11 It It tl Ukrjdne 20 
ft It II tl tt tf t» Trispernia 17 
tf If tl It tt II n Bondvie 17 
Figure 1. Theoretical and actual efficiency of each of the 
varieties of the new set of nine differential 
varieties computed on the basis of reaction to 
cultures of crown rust in 1950, 
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diversification was evident among the cultures. Although 
only 286 isolates were identified on this basis, 43 sepa­
rate races were differentiated. A description of these 
races, together with the number of isolates of each race, 
is presented in Table 13. Descriptive formulas for the 43 
races are presented in Table 14, 
Race la was by far the most prevalent, acco'onting for 
31.1 percent of the total. Race la could be separated into 
races 45 and 205a, the two races most commonly identified 
using only the old and new differentials, respectively. 
Race 17a, identified 33 times, was second most common. It 
differed from race la only in reaction with Trispernia. 
Next in order were 19a and 5a represented by 20 and 18 
isolates, respectively. Race 19a differed from race la 
only by its Inability to parasitize Hawkeye, while 5a 
differed from la in that it produced a fully susceptible 
reaction on the variety Ukraine. Races 10a, I2a, I6a and 
11a contributed 4.9, 4.6, 4.2, and 3.9 percent of the total, 
respectively. Race 11a attacked both Trispernia and 
Bondvic, while 16a, among the weaker races identified, in­
duced susceptible reactions on Hawkeye, Anthony, Victoria, 
Glabrota, Landhafer, Santa Fe, Ukraine, Trispernia, and 
£ondvic. 
Races 18a, 20a, 24a, 25a, 27a, and 31a each were 
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Reuotion of "tlie combined, set of lb differential vea*ieties to races of crown rust found 
among collections made in 1950. 
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Average type of infection on differential varieties 
31.1 4 4 4 4 4 2 4 4 4 4 4 4 I 0 0 I 0 1 
.4 4 3 0 0 3 1 0 0 3 4 3 3 1 0 0 I 0 0 
.4 1 3 0 0 3 1 0 0 3 4 3 3 1 0 0 I 0 0 
3.2 4 3 4 3 3 0 4 3 3 3 3 4 I 0 0 4 3 0 
ti.3 4 3 4 3 3 0 4 3 3 3 3 4 I 0 0 4 0 0 
.7 4 4 0 3 3 I 4 0 4 4 4 3 I 0 0 0 0 0 
.4 3 3 3 4 3 0 4 4 4 3 3 4 4 0 0 4 0 0 
1.0 1 3 3 3 4 0 4 3 4 3 4 4 I 0 0 3 0 0 
.4 3 3 1 0 4 0 3 3 3 3 3 0 I 0 0 0 0 I 
4.9 0 4 4 3 4 0 4 4 4 4 4 4 I 0 0 0 0 0 
3.8 4 4 4 4 4 2 4 4 4 4 4 4 I 0 0 I 4 r» o 
4.b 4 4 4 4 4 0 4 4 4 4 4 4 I 0 0 I 0 3 
.4 3 4 1 1 4 2 4 3 4 4 4 4 I 0 I 0 3 3 
.4 3 4 1 4 4 2 3 4 4 4 4 4 I 0 0 0 4 3 
.7 3 4 4 4 4 2 4 3 4 4 4 I I 0 I 0 1 1 
4.2 4 4 0 0 4 0 4 4 4 4 4 4 I 0 0 0 I 0 
11.5 4 3 4 3 4 0 4 4 4 4 4 4 I 0 1 I 3 0 
2.1 4 4 0 4 4 0 4 4 4 4 4 4 I I I i 3 0 
7.0 4 4 1 3 4 0 4 4 4 4 4 4 I I I 1 1 0 
1.8 4 4 0 0 3 0 4 4 4 4 4 4 I 0 0 0 3 0 
.4 1 4 4 4 4 2 4 4 4 4 4 4 I 0 0 4 3 1 
.4 4 4 3 4 4 4 4 4 4 4 4 I I 0 I I 3 0 
Table 13. (Continued) 
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Averai.,e type of infeotion on differential varieties 
2Sa 1 .4 4 4 4 4 4 2 4 3 4 4 4 I I 0 I 4 3 0 
24a 4 1,4 4 4 4 4 4 2 4 4 4 4 4 I I 0 I I 3 1 
25a 5 1.8 4 4 4 3 3 2 4 3 4 4 4 A I 0 0 4 4 S 
2t)a 1 .4 1 4 3 4 4 2 4 4 4 4 4 4 I 0 0 I 4 1 
27a 4 1.4 4 4 0 4 4 2 4 4 4 4 4 4 I 0 I 3 1 1 
2ba 1 .4 3 4 1 4 4 2 3 3 4 4 4 4 I 0 0 4 3 1 
29a 1 .4 4 4 3 3 4 0 4 4 4 4 4 I I 0 0 I 3 3 
50a 1 •4 4 4 4 4 4 2 4 4 4 4 4 0 I 0 0 0 1 3 
31a 4 1.4 3 4 4 4 4 2 4 4 A 4 4 4 I 0 0 3 2 3 
32 a 2 .7 1 4 4 4 4 2 4 4 4 4 4 4 I 0 I 0 I S 
SSa 3 1.0 3 4 1 1 4 2 4 4 4 4 4 4 I 1 I 3 0 0 
34a 1 .4 1 4 1 1 4 2 4 4 4 4 4 4 I 1 I 4 1 0 
35a 1 •4 1 4 4 4 4 2 4 4 4 4 4 4 I 0 0 4 4 3 
ouc. 1 .4 1 4 0 0 4 2 4 4 4 4 4 4 1 0 I 0 0 0 
37a 1 .4 1 3 1 1 4 2 3 4 4 4 4 4 I 0 0 I 1 3 
3ba 1 .4 3 4 0 S 4 2 4 4 4 4 4 4 I 0 I 4 0 S 
39a 3 1.0 3 4 4 1 4 2 4 4 4 4 4 4 I 0 0 I 0 0 
40a 2 .7 4 4 4 0 4 2 4 4 4 4 4 4 I 0 u I 4 2 
41a 2 .7 4 4 4 1 4 2 4 4 4 4 4 4 I 0 0 I 3 S 
42a 1 .4 2 4 4 1 4 2 4 4 4 4 4 4 1 0 0 4 1 0 
43a 1 .4 4 4 3 1 4 2 4 4 4 4 4 4 I u 0 1 3 
ReLc 
no. 
3 
36 
37 
36 
10 
32 
2b 
6 
21 
35 
2 
9 
16 
20 
13 
32 
b 
19 
18 
14 
27 
Descriptive formulas for races identified in 1950 using the oaaitaned set of 18 
differential varieties. 
Formula^ 
3 4 c 7 8 13 14 15 
3 4 6 13 14 15 16 17 
3 4 b 13 14 15 16 17 
3 4 6 13 14 15 17 18 
6 13 14 15 16 17 18 
b 13 14 15 lb 17 
b 13 14 15 lb 18 
b 13 14 15 17 18 
b 
b 
13 
13 
14 
14 
15 
15 
18 
3 4 b 7 8 13 14 15 lb 
3 4 6 12 13 14 15 lb 17 
3 4 13 14 15 lb 17 18 
3 4 b 13 14 15 lb 18 
3 4 b 13 14 15 lb 
3 4 b 13 14 15 17 18 
3 6 8 13 14 15 16 17 18 
3 b 13 14 15 lb 17 18 
3 6 13 14 15 lb 18 
3 6 13 14 15 16 
3 b 13 14 15 17 16 
lb 17 18 
18 
0> 
17 18 
18 
Table 14• (Continued) 
Baoe 
no • Formula® 
38 3 b 13 14 15 17 
28 3 o 13 14 15 18 
39 4 b 13 14 15 lo 17 
40 4 d 13 14 15 lb 18 
41 4 d 13 14 15 lb 
42 4 b 13 14 15 17 18 
43 4 b 13 14 15 17 
15 12 13 14 15 Id 17 
SO b 12 13 14 15 lb 17 
24 6 12 13 14 15 lo 18 
29 6 12 13 14 15 lb 
23 b 12 13 14 15 18 
1 b 13 14 15 lb 17 18 
12 6 13 14 15 lb 17 
17 6 13 14 15 lb 18 
11 6 13 14 15 lb 
5 b 13 14 15 17 18 
21 6 13 14 15 17 
4 13 14 15 18 
-25 13 14 15 
7 b 14 15 17 18 
22 12 13 14 15 lb 18 
®Nmbers refer to the old set of differential varieties as they appear in Table 2» 
The varieties represented by the nvanbers in a particular race formula are resistant to 
that race. 
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isolated from 4 to 6 times. Race 25a was the most virulent 
race observed and produced susceptible reactions on all 18 
differential varieties except Victoria, G-labrota, Landhafer 
and Santa Another group of races, 6a, 8a, 15a, 32a, 
33a, 39a, 40a, and 41a, each appeared either two or three 
times. Each of the remaining races, were identified only 
once. 
Relative Efficiency Based on 1950 Cultures 
A total of 286 isolates were successfully identified 
on the basis of their reactions on the combined set of 18 
differential varieties. These were the only cultures con­
sidered in calculating estimates of relative efficiency. 
By using only the first 13 varieties a total of 13 
distinct races could be differentiated. Using the nine 
varieties of the second grouping 21 races could be differ­
entiated, and all 18 varieties differentiated 43 races 
among the 286 cultures. The individual races are shown 
in their various combinations in Table 15. 
There are several different procedures that might be 
used to compute relative efficiencies. Results of three 
of these methods are shown in Table 16. For all three 
No. 
oult 
89 
1 
1 
9 
18 
2 
1 
3 
1 
14 
11 
13 
1 
1 
2 
12 
33 
6 
20 
5 
1 
Races identified from cultures of collections made in 1950 using each of "the three 
sets of differential varieties. 
% of Old set Kew set Combined set 
total of total % of total % of total 
Race of the raoe Race of the raoe Race of the raoe 
31.1 45 44.9 205a 70.1 la 100.0 
.4 ti8 100.0 211a 5.0 2a N 
.4 fc>9 100.0 211a &*b 3a II 
3.2 45 5.0 201a 81.8 4a H 
b.3 45 9.9 202a u9 *2 5a H 
.7 91 100 .0 205a 15.8 oa II 
.4 89 100.0 202 a 3.8 7a II 
1.0 57 13.u 202a 11.5 8a It 
•4 73 100.0 2l6a 100.0 9a M 
4.9 57 o3 .6 205a 11.0 10a It 
3.8 45 b.O 212a 91.7 11a n 
4.t> 45 7.1 213a 86.7 12a It 
.4 83 5.0 220a 50.0 13a ti 
.4 95 2.9 212a 8.3 14a 11 
.7 1 22.2 215& 50.0 15a It 
4.2 88 tjO.O 211& 6ti.7 lua ft 
11.5 45 18.1 20&a 82.5 17a II 
2.1 95 17.te 208a 15.0 18a It 
7.0 95 58.8 205 a 15.0 19a n 
1.8 88 25.0 219a 71.4 20a ti 
.4 57 4*b 201a 9.1 21a 
Ko, 
C\5l 
1 
1 
4 
5 
1 
4 
1 
1 
1 
4 
2 
3 
1 
1 
1 
1 
1 
3 
2 
2 
(Continued) 
^ of Old set Keff set Combined set 
•total % of total % of total % of total 
Baoe of the race Race of the rtioe Race of the race 
.4 5(i 100.0 209a 100.0 22a It 
.4 1 11.1 221a 100.0 23a n 
1.4 1 44.4 EOS a 100.0 24 a 11 
1.8 45 2.B 214a 83.3 25a It 
.4 57 4 .o 208a 2.5 26a 11 
1.4 95 11.8 202a 15.4 27a It 
.4 95 2.9 201a 9.1 28a ti 
.4 1 11.1 225a 100.0 29a !l 
.4 1 11.1 204a 100.0 30a II 
1.4 45 2.2 207 a 80.0 31a ti 
.7 57 9.1 213 a 13.3 32 a It 
1.0 80 15.0 217 a oO.O 33 a II 
.4 90 38.5 217a 20.0 34a tt 
.4 57 4.b 214a 16.7 25a It 
.4 90 S3.S 21ia d.b 38 a It 
.4 90 53.3 222a 100.0 37a II 
.4 95 2.9 207 a 20.0 38a II 
1.0 102 53 .3 211a lu.7 39a ti 
.7 102 22.2 219a 23 .b 40a M 
.7 102 22.2 220a 100.0 41a It 
.4 102 11.1 217a 20.0 42 a It 
.4 102 11.1 ZOoa 100.0 43 a tt 
Table lo. Relative efficiencies^ of three sets of differential v&jrieties in differentiating between 
cultures from oollections of crown rust made in 1950 send 1951. 
Old set New set Combined set 
1950 1351 Ave rati© 1950 1951 Averajre 1950 1951 Average 
Ko. of varieties 13 13 9 10 16 19 
Mo. of races 13 lb 14.5 21 2b 23.5 43 44 43.5 
Rel. efficiency 
Method 1 100 100 100 lbl.54 lb2.02 lb2.02 330.77 275.00 302.86 
Method 2® 100 100 100 233.33 211.3b 222.3b 236.09 188.Ci2 213.7b 
Ave. of 1 &• 2 100 100 100 197.44 186.94 192.19 284.83 231.81 258.32 
Method 3^ 100 100 100 1107.95 bl5.54 Bbl.74 4.30 2.28 3.30 
'^Helative efficiency is computed by arbitrarily designating tlie efficiency of old set equal to 
100. 
^Relative efficiency based on nuciber of races identified by each set. 
^Relative efficiency based on number of races identified in relation to the nainber of 
varieties in each set. 
'Relative efficiency based on maximuia nuniuar of races that could theoretically be 
identified with each set. 
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Methods the efficiency of the old set of differentials VJOS 
arbitrarily designated as 100, The efficiencies of the 
other two groupings are then given relative to this value. 
The simplest measure of efficiency was the number of 
races identified by each set. On this basis, it was 
apparent that the combined set was the most efficient. It 
differentiated more than tliree times as many races as did 
the old set, and more than twice as many as the new set. 
If the number of races in each case is divided by 13 and 
the quotients multiplied by 100, the efficiencies are 
100.00, 151.54, and 330,77 for the old, new, and combined 
sets respectively. 
This procedure does not take into account differences 
in nunibers of varieties in the three sets. There is Justi­
fication on practical grounds alone for making such a 
comparison. The amount of labor is great to identify a 
large number of isolates, and increases in proportion to 
the number of varieties used. Much more work would be in­
volved in identifying a given number of isolates using the 
combined set than when using the new set. 
The results for each of the sets in terms of number 
of races identified per variety are quite different from 
those baaed on the number of races identified. (See Table 
16), For the old set there was one race per variety, an 
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efficiency of 100. Comparable figures for the new and 
cosi)ined sets were 253.53 and 238«89 respectively. On this 
basis the new and combined sets retained their superiority 
over the old set, but the large difference between the new 
and combined sets, using total races identified as the 
criterion of efficiency, was no longer evident. Tlie com­
bined set vas still superior to the new set. 
The relative values of the three sets may be calculated 
on another basis. When all reactions were grouped into two 
classes, such as resistant and susceptible, the maximum 
niiraber of races that a given set of differential varieties 
can distinguish is 2, where n eqixals the number of var­
ieties in the set. Thus it would be possible to identify 
four different races using a set oomposed of tv/6 varieties. 
If four races were actually identified on such a set the 
absolute efficiency of the set would be at a maximum, or 
100 percent. If a set contained three varieties it would 
then be possible to differentiate eight racesi It would 
be necessary for this set to actually differentiate eight 
races in order for it to equal the efficiency of the set 
of two varieties that distinguished four races. 
When the number of races Identified by each of the 
three sets of differential varieties was considered in 
this light, the relative efficiencies of the three were 
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altered drastically. The maximiwi number of races that could 
be identified by the old set was 8,194j by the new set, 512j 
and by the combined set, 262,208. If the maximum number-a 
of races for eaoh set v;as divided by the number of varieties 
in egch of the respective sets, and the reciprocals of these 
quotients divided by the quotient of the old set, after be­
ing multiplied by 10,000, the values shown in Table 16 are 
obtained. The efficiency of the new set would then be 
1107.95 on a scale where the efficiency of the old set 
equaled 100. The great increase was primarily due to the 
relatively small ntomber of races that the new set could 
theoretically differentiate. On the same scale the effi­
ciency of the combined set was only 4.33, attributable to 
the very large number of races that this set could identify. 
Analysis of Collections Made in 1951 
A total of 16 races could be differentiated among the 
372 cultures from the collections in 1951 using the old 
set of 13 differential varieties. The frequency of occur­
rence of the races and the typical reaction of each variety 
is shown in Table 17. Descriptive formulas for the 16 
Table 17. Reaction of the old get of 13 differontial varieties to raoes of orovm rust found 
among collections made in 1951. 
Race 
Kuiiiuer of 
cultures 
Percent 
of total 
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Avera^^e type of infection on differential varieties 
1 4 1,1 3 4 4 4 4 2 4 4 4 4 4 0 2 
b 3 .8 2 4 4 4 4 0 4 4 4 4 3 0 I 
15 1 .3 0 4 4 4 4 2 4 4 4 4 1 I I 
45 246 *1 4 4 4 4 4 2 4 4 4 4 4 4 I 
55 5 1.3 2 4 4 4 4 3 4 4 4 4 3 4 I 
57 22 5.U 1 4 4 4 4 1 4 4 4 4 4 4 1 
86 1 .3 3 3 0 0 4 2 4 4 4 4 4 4 I 
89 5 1.3 4 4 4 4 4 2 4 4 4 4 4 4 3 
95 3 .8 3 3 0 4 4 2 4 4 4 4 4 4 I 
101 72 19.4 3 4 4 4 4 4 4 4 4 4 4 4 I 
102 1 .3 4 4 4 1 4 0 4 4 4 4 4 4 1 
lOS 1 .3 2 4 4 4 4 4 4 4 4 4 4 4 3 
104 1 .3 2 4 4 4 4 2 4 4 4 4 4 4 3 
105 2 •5 1 4 4 4 4 0 4 4 4 4 1 4 I 
lOfci 1 .3 4 4 4 4 4 1 4 4 4 4 2 4 I 
107 4 1.1 4 4 4 4 4 0 4 4 4 1 4 4 I 
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raoss are presented in Tablo 18. The prevalence and dis­
tribution of the IG races Identified using the old set of 
differential varieties are presented in Table 19. 
Race 45 vras by far the most prevalent strain observed, 
accounting for 66.1 percent of the total nuniber of cultures 
in coKiparison to the 63.1 percent found in the collecbions 
laade in 1950. 
Race 101, observed for the first time and only twice 
in 1950, v/as the second most prevalent race in 1951. It 
was identified 72 tir/ies to inake up almost 20 percent of the 
total. This race differs from race 45 in tliat it aggres­
sively parasitizes Victoria, while race 45 produces only 
very small pustules on this variety. Race 55, closely re­
lated to race 101 in parasitic action, was identified five 
times. 
Race 57 was next in order of prevalence being identi­
fied 22 times to make up about 6 percent of the cultures. 
Bond was resistant to only eight of the 372 cultures. 
Pour of these represented race 1, tiiree were race 6, and 
one was race 15. Race 6 differed from race 1 only by the 
inability of the former to attack Ruakura, and race 15 
differed from race 6 only by its inability to attack J5elar. 
Cultiires of race 89, which attacked all 13 differen­
tial varieties except Victoria, were observed five times. 
57 -
Table 18, Descriptive formulas for races identified in 
1951 using tlis old set of 13 differential 
varieties. 
Race Por:3iula® 
15 1 6 11 12 
105 1 6 11 13 
6 1 6 12 13 
57 1 6 13 
104 i 6 
55 1 13 
103 1 
88 3 4 6 13 
95 3 6 13 
102 4 6 13 
107 6 10 13 
106 6 11 13 
1 6 12 13 
45 6 13 
89 6 
101 13 
IT\Mibers refer to the old set of differential varieties 
as they appear in Table 2. The varieties represented by 
the nurabers in a particular race formula are resistant to 
that race. 
Table 19. Prevalence qnri distribution of" races of crown rust identified from various locations in 
1951 using the old standard set of 13 differential varieties. 
^©a and 
location 
North Central 
Number of cultures identified as race number Total 
6 15 45 55 57 fc8 89 95 101 102 103 104 105 lOu 107 Cultures Races 
Illinois 
Indiana 
Iowa 
Kansas 
Michigan 
l^nnesota 
Nebraska 
South Dakota 
iVisoonsin 
3 1 
1 
1 
114 
15 
5 
4 
lb 
9 
5 
12 
1 
1 
1 
43 
2 
3 
4 
1 
1 
1 
182 
18 
8 
4 
18 
22 
7 
1 
1 
9 
3 
2 
1 
•X w 
7 
3 
Ol 
o 
to 
Korirheastern 
Maine 
Hew York 
1 
7 
1 
1 
2 
18 
2 
6 
Table 19. (Continued) 
Area and Number of cultures identified as race number Total 
location 1 o 15 45 55 57 HQ 88 95 101 102 103 104 105 lOt) 107 Cultures Races 
Southern 
iU*kansas 
Bahama 
Florida 
Georgia 
Louisiana 
I.lississippi 
liissouri 
Korth Carolina 
South Carolina 
Tennessee 
Texas 
1 
1 
12 
7 
7 
2 
1 
2 
5 
28 
1 
1 
1 
1 
3 
4 
1 
1 
20 
6 
6 
2 
2 
3 
6 
1 
3b 
1 
1 
3 
2 
2 
2 
2 
2 
2 
1 
5 
Foreign 
Mexico 
Total 4 3 1 24u 5 22 1 5 3 72 1 1 1 2 1 4 372 lo 
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Races 88 and 95 were identified one and three times respec­
tively. Race 102, first described in 1950, waa found once 
among the cultures in 1951, 
Five races that had not been described before also 
were observed# These were numbered 103, 104, 105, 106, and 
107. Race 103 attacks Victoria, but differs sharply from 
races 55 and 101, by its production of a "3" or "4" type 
infection on Glabrota, Races 55 and 101 ordinarily produce 
no macroscopic evidence of infection on this variety. Race 
104 also attacks Glabrota. It does not, however, parasi­
tize Victoria. Races 105, 106, and 107 are not of special 
Interest, differing among themselves and from the other 
races by their reactions on Ruakura, Sterisel and Belar. 
Race 107 was isolated 4 times and race 105 twice, while 
each of tlie other new races was identified only once. 
Cultures identified in 1951 were subjected to the 
same analysis as described above for the 1950 cultures. 
The relative efficiency or usefulness of each of the 13 
varieties in terms of the percentages of cultures to which 
each variety was susceptible is presented in Table 19. 
Certain important differences between the racial composi­
tion of the 1950 and 1951 populations of crown rust are 
evident. 
Victoria was outstanding with an efficiency index 
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value of 41.9 In 1951, compared with an Index value of 2.1 
in 1950. This difference apparently was due to the great 
increase in prevalence of races attacking Victoria in 1951. 
Hawkeye and Anthony, each of which rated relatively high in 
1950, both were low in 1951 with values of 2,2 and 1,1 
respectively. In 1951 Ruakura with a value of 18.8 was 
second to Victoria and showed no appreciable change from 
its 1950 value. 
Bond had a value of 4.3, about one-half its 1950 value. 
Glabrota*s rating of 3.76, perhaps, represents a signifi­
cant increase over its 1950 value of .7. Sterisel and 
Belar each were rated at 2.2 in 1951 as compared with 0.00 
in 1950. Five varieties. Green Russian, Sunrise, Green 
Moxmtain, White Tartar, and Appier were susceptible to all 
cultures tested and consequently had ratings of 0.0. 
When the data were considered in terms of the actual 
ntunbers of different races identified without regard for 
the numbers of cultures representing each race, as shown 
in Table 21, the relative usefulness of the different var­
ieties showed little relationship to the values presented 
above. Ruakura, high in the comparison used abovo, v/as 
highest on this basis. If Ruakura had been omitted from 
the differential varieties, only ten races would have 
been evident. With its inclusion 16 races were differen-
Table 20. Numbers of cultures of crovm rust parasitizing each of the varieties of the old set 
of 13 differential varieties in 1951. 
Variety 
Cultures pstrasitizing Cultures not parasitizing; Relative 
efficiency®' Number Percent Number Percent 
Ruakura 337 90.59 35 9.41 18.82 
Green Russian 372 100.00 0 0.00 0.00 
Hawkeye 3b8 98.92 4 1.08 2.16 
Aniiiony 370 99.46 2 0.54 1.08 
Sunrise 372 100.00 0 0.00 0.00 
Victoria 78 20.97 294 79.03 41.94 
Green Mountain 372 100.00 0 0.00 0.00 
Tfifhite Tartar 372 100.00 0 0.00 0.00 
Appier 372 100.00 0 0.00 0.00 
Sterisel 3t>6 98.92 4 l.OB 2.16 
Belar 368 98.92 4 1.08 2 .16 
Bond 3b4 97.85 8 2.15 4.30 
Glabrota 365 96.12 7 1.88 3.76 
^Relative efficiency adjusted to a scale v/here 100 equals maximum efl'ioiency. Maximum 
efficiency for a given variety is designated as that point viiei'e the variety is susceptible 
and resistsint to equal numbers of isolates. 
Table 21. Effect of removing each of the varieties of the old set of 13 differential varieties 
in turn on the nimber of races differentiated among cultures made in 1951. 
Number of races 
Varieties used differentiated 
set of IS differential varieties lb 
set or 13 differential varieties minus Ruakura 10 
ffi n n It 11 It Green Russian 15 
rt It n If tr » Hawkeye 14 
« II ti It ti rt Anthony- 16 
It n » II It « Sunrise 16 
II tt If n ti « Victoria 13 
« 11 rt 11 « n Green Mountain lb 
It 11 11 tt n It White Tartar lb 
11 It ti 11 n « Apple r lb 
n ti It II ft n Sterisel 15 
u If 11 11 It tt Belar 13 
If n If ti « tt Bond 13 
If n tf It tt rt Glabrota 13 
63 -
tlated. Victoria, was more typical in that it showed little 
or no evidence of correlation between the results of the two 
methods. It was highest on the total isolate basis, but if 
it had been excluded from the set of differential varieties, 
13 races still would have been evident. From this stand­
point it was no more valuable than Belar, Bond or Glabrota, 
as the exclusion of any one of these also would have result­
ed in the identification of 13 races. If Hawkeye had been 
omitted, 14 races would have been differentiated, while the 
exclusion of either Anthony or Sterisel would have resulted 
in the Identification of 15 races. Excluding Green Russian, 
Sunrise, Green Mountain, White Tartar, or Appier would have 
made no difference, and all 16 races would have been differ­
entiated in their absence. 
A total of 371 cultures from collections made in 1951 
were tested on the new set of ten differential varieties. 
This set of varieties was the same as that used for the 
1950 cultures, except that the variety Sala was added in 
1951. Consequently races identified in 1950 can not be 
directly compared with those identified in 1951 since the 
reaction of Sala is not known. A total of 27 races could 
be differentiated among the 371 cultures from the 1951 
collections using the new set of differentials. The fre­
quency of occurrence of these races and the typical reac-
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1 tlon3 of each variety are presented In Table 22 . Deaoript-
Ive formulas for the 27 races are presented in Table 23. 
The prevalence and distribution of the 27 races identified 
among the 1961 collections using the new set of differential 
varieties are presented in Table 24, 
Race 202 was most prevalent making up 36,1 percent of 
the total. This race and race 205, which occurred only 
twice and is differentiated from race 202 only by its re­
action on Saia, are together comparable to race 205a of the 
1950 isolates. As race 205a comprised 39,4 percent of the 
Isolates identified in 1950 there has been little change in 
the prevalence of this moat common race between the two 
years. Race 203, with 70 isolates or 18,9 percent of the 
total, was second most prevalent. It differed from 202 only 
by its ability to attack Ukraine, 
There were seven races that had in common the ability 
to attack Victoria, The most common of these was 213 which 
occurred 53 times. The other "Victoria races" were 216 
While this investigation was in progress. Dr. B, 
Peturson of the Dominion Laboratory of Plant Pathology, 
University of Manitoba, was identifying cultures from 
collections made in Canada using the new set of differential 
varieties. When races identified by Dr, Peturson were con­
solidated with tiiose identified by the author, 42 distinct 
forms were evident. These races were grouped for numerical 
designation, as far as possible, according to the varieties 
they attacked. Descriptions and formulas of the 42 races 
are presented in Appendix A, 
Table 22• Reaction of the new set of 10 differential varieties to races of croViH rust found among 
colleotious made in 1951. 
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201 2 .5 1 0 4 4 0 I I 0 0 I 
202 124 3b.1 3 1 4 4 0 0 I 1 1 I 
203 70 18.S 4 0 3 4 I 0 4 1 1 I 
204 1 .3 0 2 4 4 0 1 4 2 3 4 
205 2 .5 4 0 4 4 0 0 0 0 0 3 
20 o 18 4.6 4 1 4 4 0 0 I 1 3 0 
207 4 1.1 4 2 4 4 1 0 4 1 3 1 
208 1 .3 4 2 4 4 0 1 4 2 3 4 
211 2 .5 1 0 4 4 0 0 4 1 1 I 
212 63 14.3 3 4 4 4 0 0 I 0 0 I 
214 1 .3 4 4 4 4 0 0 I 0 0 4 
215 3 .8 4 4 4 4 0 0 0 0 3 I 
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Table 23. Descriptive formulas for races identified in 
1951 using the new set of ten differential 
varieties. 
Race Formula^ 
201 1 2 5 6 7 8 9 10 
211 1 2 5 6 8 9 10 
204 1 2 5 6 8 
237 2 4 5 6 7 8 9 10 
233 2 4 5 6 7 8 10 
225 2 4 5 6 7 9 10 
227 2 4 5 6 8 9 
202 2 5 6 7 8 9 10 
205 2 5 6 7 8 9 
206 2 5 6 7 8 10 
242 2 5 6 7 8 
220 2 5 6 7 9 10 
221 2 5 6 7 10 
203 2 5 6 a 9 10 
241 2 5 6 8 9 
207 2 5 6 8 10 
208 2 5 6 8 
222 2 5 6 9 10 
223 2 5 6 9 
224 2 5 6 10 
213 5 6 7 8 9 10 
214 5 6 7 8 9 
215 5 6 7 8 10 
218 5 6 7 9 10 
216 5 6 8 9 10 
217 5 6 3 10 
219 5 6 9 10 
®K\iiriber3 refer to the new set of differential varieties 
as they appear in Table 2, The varieties represented by the 
numbers in a particular race formula are resistant to that 
race. 
«67-
xable 2^. Sabers and distribution of races of erowa imst identified frcna vsrious locj 
Area sad ioeatioB 201 202 203 20»f 205 206 20? 20S 211 213 21^^ ZLi 
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with 23 isolates, 219 with four isolates, 218 with two 
isolates, 215 with three isolates, 217 with two isolates, 
and 214 which was identified once. 
A comparison of the ten varieties, using the number of 
cultures to which each variety is susceptible or resistant 
as the basis of merit, is presented in Table 25. Ukraine 
was the most valuable variety having a relative efficiency 
index value of 69»0. Victoria v/as second v/ith a value of 
47.4, not greatly different from its value of 41.9 in the 
old set of 13 differential varieties for 1951 cultures, 
Triapernia and Bondvic with values of 24,3 and 23,7 respec­
tively were next in order. Saia, Bond, and Anthony with 
values of 5.9, 3.8 and 2.7 respectively v/ere of relatively 
little use in distinguishing among cultures. The majority 
of the cultures reacted similarly on these three varieties, 
Saia being uniformly resistant, and Bond and Anthony being 
susceptible to most cultures. Landhafer and Santa were 
of no value as they were uniformly resistant to all iso­
lates, while Appier likewise was of no value because of its 
uniform susceptibility to all cultures. 
The number of races that would have been differentiated 
among the 1951 cultures if each of the varieties of the new 
set had been removed in turn is shown in Table 26. If 
either Ukraine or Bondvic had been omitted only 18 of the 
Table 25. Numbers of cultures of orovm rust parasitizing eaoh of the varieties oi the new set of 
ten differential varieties in 1951. 
Variety 
Cultures parasitizing Cultures not parasitizing Relative 
Number Percent Humber Fercont efficiency®' 
Anthony Sou 5 1.4 2.7 
Victoria b& 23.7 253 76.3 47 .4 
Appier 371 100.0 0 0.0 0.0 
Bond 3o4 98.1 7 1.9 3.0 
Landhafer 0 0.0 371 100.0 0.0 
Santa Fe 0 0.0 371 100.0 0.0 
Ukraine 126 34.5 243 65.5 69 .0 
Trispernia 45 12.1 326 S7.9 24.3 
Bond vie 44 11.9 327 iib,l 23.7 
Saia 11 3.0 3fc0 97.0 5.9 
fi. • 
Relative efficiency adjusted to a scale where 100 equals iriaximuri efficiency. Ivi&xinium 
efficiency for a given variety is designated as that point where the variety is susceptible and 
resistant to equal numbers of isolates 
Table 2o« Effect of reinoviag each of the varieties of the nsivr set of ten differential varieties in 
tura on the number of races differentiated aiuong cultures made in 1351. 
Kumber of races 
Varieties used dilferfentiatsd 
New set of 10 differential varieties 27 
Nevr set of 10 differentLal varieties minus Anthony 24 
It If II tt It n M Viotoria 20 
tl It If tl tl n «i Appier 27 
H tt 11 II II II li Bond 2S 
It It 11 11 11 tl *1 Landhafer 27 
If tt Tf tl II >1 II Santa ie 27 
If ft If ft t« II II likraine 16 
It It It It 11 II II Trispornia 19 
tl II tt il It It II Bondvio 18 
If tt tl It ft II n Saia 21 
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27 raooa would have been evident. Without Trispernia 19 
races would have been identified, snaking it next most 
valuable on this basis. The omission of Victoria would 
have resulted in the differentiation of 20 races, the 
omission of Saia in 21 races, the omission of Bond in 25 
races, and the omission of Anthony in 24 races. Omitting 
Appier, Landhafer, or Santa x-fe would have l-iad no effect. 
I'ith or without them 27 races woiold liave been identified. 
The relationship between the two methods of computing 
the relative usefvilness of the individual varieties is 
illustrated in Figure 2. The correlation coefficient was 
.76, which was significant at the .05 level. 
Forty-three races could be differentiated among 370 
cultures using a combined set of 19 differential varieties. 
The frequency of occurrence of the races and the typical 
reaction of each variety are shown in Table 27. Descrip­
tive formulas for the 27 races are presented in Table 28. 
Race lb was most common representing 32.7 percent of 
the total. As would be expected it could be broken down 
into races 45 and 202. Races 5b and lib were next moat 
common, comprising 15.9 and 11.6 percent, respectively, of 
the total. Race 3b could be divided into races 45 and 
203, while race lib could be divided into races 101 and 
213. 
Figure 2. Theoretical and actual efficiency of each of the 
varieties of the new set of ten differential 
varieties computed on the basis of reaction to 
cultures of crown rust in 1951, 
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ATerage type of infection on diffarential varieties 
lb 121 32.7 4 4 4 4 4 2 4 4 A 4 4 4 I 0 0 0 0 0 I 
2b 1 .3 "ii Vo 4 3 4 4 1 3 3 4 4 4 4 I 0 0 4 3 1 4 
Sb 59 16.0 4 4 4 4 A 0 4 4 3 'i 4 I J 0 4 1 1 I 
4b 1 .3 5 3 0 0 4 2 4 4 4 4 4 4 1 0 1 4 2 3 4 
5b 1 .3 3 3 0 4 4 2 4 4 A 4 4 4 I 0 1 4 2 3 4 
t>b 12 3.2 4 4 4 4 4 2 4 4 4 4 4 4 I 0 0 4 4 0 0 
7b 4 1.1 4 4 4 4 4 3 4 4 4 4 4 4 I 0 0 4 ti. 2 0 
6b 15 4.0 3 4 4 4 4 4 4 4 4 4 4 4 I 0 0 4 0 0 I 
9b IS 3.5 3 3 4 4 4 2 4 4 4 4 4 4 I 0 0 I 3 0 I 
10b 2 .5 3 3 4 4 4 4 4 4 4 /j •;»; 4 4 I 0 0 I 3 0 I 
lib 4c 11.b 4 4 4 3 4 4 4 4 4 4 3 4 I 0 0 I 0 0 I 
12b S .6 4 4 1 3 4 1 4 4 4 4 4 4 1 0 0 I 1 ]_ I 
13b 16 4.9 4 4 4 4 4 1 4 4 4 4 4 4 I. 0 •J I 1 r? o 0 
14b 6 l.c 1 4 4 4 4 1 4 4 4 4 4 4 I 1 0 4 1 1 0 
15b 7 1.9 4 4 4 4 4 2 4 4 4 4 4 4 1 0 0 I 4 3 0 
Ibb 3 .8 4 4 4 4 4 4 4 4 4 4 4 4 I 0 0 0 0 3 I 
17 b IS 3.5 4 4 4 4 4 2 4 4 4 4 4 4 I 1 0 4 1 3 I 
iSb 4 1.1 4 4 4 4 4 2 4 4 4 4 4 4 I 1 0 4 3 3 I 
19 b 2 .5 4 4 4 4 4 3 4 4 4 4 4 4 I 1 0 4 1 3 I 
20b 11 3.0 2 4 4 4 4 1 4 4 4 4 3 4 1 1 0 0 0 2 0 
21b 1 .3 o c. 4 4 4 4 3 4 4 4 4 3 4 1 0 I 4 0 1 0 
22b 5 .8 s 4 4 4 4 2 4 4 4 4 4 0 2 0 0 I 0 3 0 
Table 27. (Continued) 
Variety 
e> o 
s 
o m 
<0 
u u 0 0 X> 4' 
1 3 la o 
o 
•p 
© r-i O (O U +» (D O 
!U -P 
bS 
u 
3 fv> 
Pi 
rt-H 
0) U2 
CO 
SiS 
S 4 6 
(B 
§ 
9 10 11 12 13 14 15 lb 17 lb 19 
$4 eS •H 
as o (0 C 0) -P Q> o 
>4 ca o 3t a o •H 
a> •H b V. OS •rt p« > a T3 a 
"3 +> OS 10 '9 si 
<0 g Hi S g U •H •H 
04 +> O s fi o 3 tl o Ol{ 
««} CO cq <J3 h4 w f3 EH pq CO 
Average type of infoction ori dif I'erenti al varieties 
23b 12 .5 1 4 4 4 4 2 4 4 4 4 3 4 I 1 0 4 0 3 0 
24b 1 .3 2 4 4 4 4 0 4 4 4 4 3 0 I 0 0 2 3 2 0 
25b 1 .3 4 4 4 4 4 1 4 4 4 4 4 4 I 0 0 4 2 2 4 
2bb 1 .3 1 4 4 4 4 2 4 4 4 4 4 4 I 0 0 I 0 3 0 
27b 1 .3 1 4 4 4 4 1 4 4 4 4 2 4 I 0 0 4 3 1 I 
28b 1 .3 4 4 4 4 4 1 4 4 4 4 2 4 I 0 0 4 3 1 I 
29b 1 .3 2 4 4 4 4 0 4 4 4 4 4 I 1 0 I 1 2 4 
30b .5 1 4 4 4 4 4 4 4 4 4 4 4 I Q 0 I 0 0 I 
31b 1 .3 2 4 4 4 4 4 4 4 4 4 4 4 3 0 I 4 0 •1 0 
32b 1 .3 2 4 4 4 4 2 4 4 4 4 4 4 3 0 I 4 0 1 0 
33b .5 4 4 4 4 4 2 4 4 •4 4 4 4 i5 0 1 1 0 0 0 
34b 1 .3 2 4 4 4 4 0 4 4 4 4 4 0 I 2 0 I 0 0 0 
35b 1 .3 0 4 4 4 4 2 4 4 4 4 4 I I 0 0 4 0 0 4 
3bb 1 .3 0 4 4 4 4 2 4 4 4 1 1 I 0 0 4 0 0 4 
37b 1 .3 3 4 4 4 4 2 4 4 4 4 4 I I 0 0 I 0 1 I 
38b .S 4 4 4 4 4 0 A 4 4 1 4 4 I 0 0 4 0 1 I 
3Sb 1 .3 2 4 4 4 4 4 4 4 4 4 4 4 I 0 0 X 0 0 4 
40b 1 .3 1 4 4 4 4 0 4 4 4 4 1 4 I 0 0 0 0 0 3 
41b 1 •3 4 4 4 1 4 Q 4 4 4 4 4 4 I 0 I I 0 0 I 
42 b 1 .3 4 4 4 4 4 0 4 4 4 4 4 4 3 0 0 4 0 1 0 
43b 2 .5 4 4 4 4 4 0 4 4 4 1 4 4 I 0 0 0 0 2 0 
44b 1 .3 3 4 4 4 4 1 4 4 4 4 4 4 0 1 0 0 0 3 4 
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28, Descriptive formulas for races identifiecl in 
1951 using the combined set of 19 differential 
varieties. 
Formula® 
1 6 11 12 13 14 15 17 18 
1 6 11 13 14 15 16 17 18 
1 6 11 13 14 15 17 19 
1 6 12 13 14 15 16 17 18 
1 6 12 13 14 16 16 18 19 
1 6 12 13 14 15 17 18 
1 6 13 14 15 16 17 18 19 
1 6 13 14 15 16 17 18 
1 6 13 14 15 16 17 19 
1 6 13 14 15 17 18 19 
1 6 13 14 15 17 19 
1 6 14 15 17 18 19 
1 13 14 15 16 17 18 19 
1 13 14 15 17 18 19 
1 14 15 17 18 19 
3 4 6 13 14 15 17 
3 6 13 14 15 16 17 18 19 
3 6 13 14 15 17 
4 6 13 14 15 16 17 18 19 
6 10 13 14 15 16 17 18 19 
6 10 13 14 15 17 18 19 
6 11 13 14 15 17 19 
6 12 13 14 15 16 17 18 19 
6 12 13 14 15 16 17 19 
6 13 14 15 16 17 18 19 
6 13 14 15 16 17 19 
6 12 14 15 16 17 
6 13 14 15 16 18 19 
6 13 14 15 16 19 
6 13 14 15 17 18 19 
6 13 14 15 17 18 
6 13 14 15 17 19 
6 13 14 15 18 19 
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Table S8. (Continued) 
Raoe Formula® 
2 6 13 14 15 18 
18 6 13 14 15 19 
35 6 14 15 16 17 18 
42 6 14 15 17 18 19 
11 13 14 15 16 17 18 
39 13 14 15 16 17 18 
16 13 14 15 16 17 19 
10 13 14 15 16 18 19 
8 13 14 15 17 18 19 
19 13 14 15 17 19 
7 13 14 15 18 19 
®Nuiiibers refer to the combined set of differential 
varieties as they appear in Table 2. The varieties 
represented by the nuintoers in a particular race formula 
are resistant to that race. 
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Relative Efficiency Based on Cultures in 1951 
The relative efficiencies of the three sets of differ­
ential varieties on the basis of the 1951 cultures were 
calculated in a manner similar to that used for the 1950 
data. As mentioned aoove 370 cultures were successfully i 
identified using all 19 differential varieties. These were 
the only cultures used to determine the efficienoies of the 
three seta. 
By using only the 13 differential varieties of the old 
set, a total of 16 races could be differentiated. With the 
ten new differential varieties 26 races could be identified. 
The combined set of 19 varieties differentiated 44 races. 
The individual races are shown in their various combinations 
in Table 29. 
The results of the three procedures used to compute 
relative efficiency are shown in Table 16. (Page 51) In 
order to provide a standard basis for comparison the rela­
tive efficiency of the old set of differential varieties 
was again arbitrarily set at 100. The efficienoies of the 
other two sets are given relative to this value. 
When the relative efficienoies of the three sets were 
considered solely on the basis of the total number of races 
that each differentiated, the combined set of 19 varieties 
Numb 
oult 
121 
1 
59 
1 
1 
12 
4 
15 
13 
2 
43 
3 
18 
b 
7 
3 
13 
4 
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11 
1 
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Eaces identified from cultures of oolleotions made in 1951 using each of the three sets 
of differential varieties. 
Old set I^ew set Combined set 
Bace 
% of total of the 
race Haoe 
% of total of 
the race Race 
% of total of 
the race 
45 48.4 202 87.0 lb 100.0 
45 .4 223 100.0 2b ti 
45 23.b 203 65.5 3b II 
88 lOQ.O 204 100.0 4b It 
95 25.0 208 100.0 5b II 
45 4.8 222 100.0 ob II 
101 5.7 219 100.0 7b It 
101 21.4 21o 83.2 ab II 
45 5.2 230 100.0 Sb It 
101 2.9 216 100.0 lOb 11 
101 ol.4 213 95.5 lib II 
95 75.0 202 2.2 12b It 
45 7.2 20u 94.5 13b n 
57 20 .b 203 6.7 14b 11 
45 2.8 221 100.0 I5t> It 
101 4.3 215 100.0 lob It 
45 5.2 207 78.5 17b It 
45 l.u 224 100.0 16b n 
101 2.9 217 100.0 19b It 
57 52.4 202 7.9 20b n 
55 33.3 21u 5.9 21b tt 
1 75.0 233 100.0 22b tl 
57 9.5 207 11.2 23b It 
Table 29. (Continued) 
Number of 
cultures 
Old set New set Combined set 
yi of total /O of total % of total 
Race of the race Hace of the race Hace of the 
33.S 225 100.0 24b 100. 
45 .4 241 100.0 25b n 
57 4.8 20b 5.3 2bb H 
105 50.0 207 5.9 27b It 
106 100.0 207 5.9 26b ti 
57 4.B 205 50.0 29b n 
55 tab .7 213 4.4 30b tt 
103 100.0 21b 5.9 Sib ft 
104 100.0 203 1.4 32b II 
B9 bb.7 202 1.4 33b It 
b 33.3 237 50.0 34b n 
b 33 .3 227 50.0 3ob ft 
15 100.0 227 50.0 Sob If 
1 25.0 237 50.0 37b If 
107 50.0 203 2.9 S8b fi 
101 1.4 214 100.0 39b n 
105 50.0 205 100.0 40b 11 
102 100.0 201 100.0 41b If 
69 33.3 203 1.4 42 b II 
107 50.0 202 1.4 43 b It 
45 ,.4 242 100.0 44 b It 
2 
1 
00 
o 
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was by far the most useful, with a relative value of 275,00. 
The comparable value for the 1950 data was 330.77, The 
decrease for 1951 was due to an increase in the number of 
races identified by the old differentials. On the same 
basis the new set of differentials had a relative efficiency 
of 162,50 in 1951, While this was considerably inferior to 
the combined set of 19 differentials, it still was much 
higher than for the old set. It also was very close to the 
value for the new set in 1950, In this case the effect of 
the increased number of races differentiated by the old set 
was balanced by a corresponding increase in the number of 
races identified by the new set. Consequently both sets 
maintained the same relative position in both years. 
If the number of varieties comprising each set is con­
sidered in the calculation of their relative efficiencies, 
the combined set of 19 varieties, was reduced from 275,00 
to 188.62. This represents a substantial decrease from 
its value of 238.89 in 1950. The decrease in this case may 
be attributed to two factors. Firstly the conibined set 
differentiated relatively fewer races in 1951 than in 1950. 
Furthermore it contained 19 varieties in 1951 and only 18 
in 1950, while the old set contained 13 varieties in both 
years. 
On the same basis the new set was considerably more 
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efficient tlian either the old or combined sets having a 
relative efficiency of 211.58, This was not quite as high 
as its value in 1950 of 233.33, which may be due to the 
inclusion of 10 varieties in 1951 and only nine in 1950. 
When relative efficiency was based on the maximum 
number of races that could be identified with each set, the , 
i 
1951 ranking of the three sets was not changed from the 
order in which they appeared in 1950, but the absolute 
values were considerably modified. Aa in 1950 the new set 
was by far the most efficient with a value of 615.54 or 
approximately aix times as efficient as the old differen­
tials. Although this relative value is high it was only 
about one-half that of the new set in 1950. This was a 
large decrease in efficiency, moat of which may be attrib­
uted to the addition of the variety Saia in 1951. The 
addition of this variety increased the nvimber of races 
that theoretically could be identified from 512 in 1950 
to 1024 in 1951. 
The combined set had a relative efficiency of only 
2.28 in 1951 as compared with 4.33 in 1950, The addition 
of a single variety had the effect of reducing the effi­
ciency of the set by very nearly one-half. 
Discussion 
The origin and subsequent inorease in races of crovm 
rust not previously described Is a matter of paramount 
importance to the oat breeder. In oonsiderlni;; possible 
origins of such races there is a chance that the "new race" 
is not new, but has been present as a very small fraction 
of the total rust population# If a large number of these 
relatively rare races exist it would hardly be expected that 
they would all be represented in a limited sample of a few 
hundred collections of crown rust made in a single year. 
The infrequency of occurrence of certain races over the 
past 15 years lends weight to the hypothesis that at least 
some of the new races may have been present as long as 
races have been catalogued, but were not observed earlier 
because of their rarity. 
Such speculation is in reality academic, for it is 
obvious that all races of crown rust must have been differ­
entiated from common ancestors at some point in their 
evolutionary history. The mechanism through which this ia 
accomplished may be direct mutation to produce forms carry­
ing entirely new genes for pathogenicity. Another possi-
- 84 -
bllity Is through the process of sexual segregation and re­
combination of existing genes into new combinations inter­
acting to establish new patterns of pathogenicity. A third 
possibility is that new races may arise from transfer of 
nuclei through anastomosis of neighboring hyphae represent­
ing different races. Experimental evidence leaves little 
doubt that new forms can and do arise through the first 
two processes, but the functioning of the third method re­
mains to be demonstrated. 
With this background in origin of races it is of 
interest to examine certain aspects of the relative preva­
lence of different races. It is well known that the crown 
rust population, in terms of the races comprising it, does 
not remain static, but changes from year to year. The 
changes involved may be only minor fluctuations in the 
relative prevalence of the different races or the entire 
racial picture may be radically altered over a period of a 
few years. 
On a year to year basis the smaller fluctuations can 
be explained in part at least by sampling variation since 
estimates of the relative abundance or scarcity of any 
given race must be based upon the occurrence of that race 
in the sample of collections taken from the entire rust 
population. In addition, it seems reasonable to expect 
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the prevalence of races to vary somewhat in their natural 
environment, because, as with other organisms, certain t^'pes 
may be favored by chance alone. Over a longer period of 
time, however, plus and minus variations from this source 
might be expected to largely cancel. 
While the foregoing factors account for minor fluctua­
tions they do not adequately explain how a relatively 
obsciare race can, in a few years time, rise to a position 
where it constitutes a greater percentage of the rust popu­
lation than all other races combined. This has happened 
with race 45^. Race 45 was first found in two collections 
of crown rust made in Texas early in 1937 (6), and was 
characterized as being indistinguishable from race 1 except 
for its ability to attack the variety Bond. At that time 
race 1 was the most prevalent form of crown rust in the 
United States. Race 45 did not appear regularly with any 
appreciable frequency until 1944. iProm that time until 
1950 it increased rapidly in prevalence, until, when com­
bined with the closely related race 57, it constituted over 
70 percent of all isolates identified. 
A logical explanation for the rapid increase of these 
^The author is Indebted to Dr. H. 0. Murphy of the 
Bureau of Plant Industry, United States Department of 
Agriculture for furnishing unpublished data used in this 
discussion. 
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races is not hard to find. During the decade beginning in 
1940 varieties of oats with the Victoria type of resistance 
to crown rust races 45 and 57 were released and grown on a 
large scale in the United States. Because of the sudden 
appearance and spread of Victoria blight these varieties 
were replaced with varieties oar3?ying the Bond genotype for 
reaction to crown rust. Since 1946 the acreage of these 
Bond derivatives has increased rapidly. The relationship 
between the prevalence of races 45 and 57 and acreage of 
varieties which these races parasitize is illustrated in 
Figure 3. The same figure shows an inverse relationship 
between the acreage devoted to Bond derivatives and the 
prevalence of races 1 and 6, which were the most common 
races identified before the advent of these varieties. 
The foregoing data leave little doubt that the great 
change observed in the composition of the rust population 
during the decade 1940-1950 was a direct result of the 
screening effect of the Bond derivatives. In the years 
after its discovery, but before these varieties became 
common, race 45 maintained its position as a minor race. 
This might be expected as it had to compete for survival in 
an environment composed of varieties on which it had no se­
lective advantage over the older more common races. When 
the new varieties began to occupy an appreciable percentage 
Pigiire 3. Prevalence of races 1 and 6, 45 and 57, and 
55 and 101 during the period 1943-1951, 
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of the oat acreas® this acreage was free of competition from 
races 1, 6, and others unable to parasitize oats carrying 
the Bond genotype for resistance. At the same time the 
acreage of oats planted to varieties on which races 1 and 6 
could survive was steadily reduced. As a result, these 
once common races now constitute a very small fraction of 
the total number of crown rust isolates. 
If all known races of crown rust that attack Bond are 
combined into a single class the validity of this proposi­
tion becomes even more apparent. The increase in prevalence 
of this group of races is shown in Figure 4, It can be seen 
that the increase In prevalence of the "Bond races" is 
closely related to the growing of varieties compatible with 
them. 
Since the increase of races attacking Bond was so close­
ly associated with the increase in acreage of varieties 
carrying the Bond type of resistance it might be expected 
that similar relationships would hold whenever a new varie­
ty, resistant to moat, but not all isolates of crown rust, 
was introduced and increased. Such a situation existed in 
the case of the Victoria derivatives mentioned above. As 
noted in the review of literature, the existence of race 41, 
which attacks Victoria, was reported in 1936. In 1942, 
coinciding with the beginning of the rapid build-up of the 
Figure 4, Percentage of oat acreage of Iowa devoted to 
Bond derivatives and percentage of total 
cultures of crown rust parasitizing these 
varieties during tbe period 1943-1951. 
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Victoria derivatives, a few isolates of each of three 
"Victoria races", 41, 50 and 52, were olbserved. Instead 
of showing a rapid increase in prevalence as did the Bond 
races a few years later, these races showed no tendency to 
replace the older races. During the next year, 1944, no 
isolates attacking Victoria were identified. It is diffi­
cult to explain this situation particularly in the light of 
the increase of the Bond races a few years later. One 
answer might lie in the discrepancy sometimes observed be­
tween the reaction of a variety in the seedling and older 
plant stages. Races are Identified on the basis of their 
reactions on the seedling stages of the differential var­
ieties under greenhouse conditions. This method has a 
tendency to maximize the apparent susceptibility of the 
host and it is conceivable that Victoria, as an older plant 
under field conditions, may have been resistant to the races 
that attacked it as a seedling. It is worth noting that 
even in the seedling stage certain Victoria races do not 
produce as large and vigorous pustules on Victoria as they 
do on other varieties susceptible to them. Consequently, 
if Victoria did show marked mature plant resistance to 
these races there would be no reason for expecting them to 
increase in prevalence. 
Results of race identification during the last two 
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years place the explanation offered above in a less tenable 
position. The new Victoria race discovered in 1950 (race 
101) has been tested in a limited way on older plants of 
the variety Victoria, and has been found to attack such 
plants readily. This does not exclude the possibility that 
the older Victoria races lacked this capacity, but does 
zaake it appear unlikely. 
Another feature of considerable interest is the very 
rapid increase of race 101. In 1950 it appeared in only 
two isolates; in 1951 it comprised nearly 20 percent of all 
isolates identified. Here again is a phenomenon difficult 
to explain. Oats carrying the Victoria type of resistance 
to crown rust were not widely grown over the United States 
during 1950 and 1951. They were grown to some extent in 
the northern fringe of the winter oat belt. It might be 
expected that, once it appeared, race 101 would tend to 
become more prevalent in this region. 
The data show, however, that race 101 was not confined 
to this area, but was widely distributed over the United 
States, being particularly common in Iowa. It is Imown 
that crown rust in Iowa and other northoentral states dur­
ing 1951 was initiated primarily from the aocial stage on 
the alternate host, Rhamnus cathartica. The northward 
migration of urediospores from the southern states was of 
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little consequence during 1951. This condition adds to the 
evidence against the hypothesis that race 101 built up in 
the southern states and was blown northward by the spring 
winds• 
The racial composition of 23 uredial cultures increased 
directly from aecial oollectiona made in lov/a, Minnesota, 
South Dakota and Wisconsin in 1951 are shown in Table 30. 
Eleven of the 23 were race 45; the remaining 12 were race 
101. The identity of 68 cultures originating from single 
uredial pustules obtained from oats adjacent to Rhamnus 
hedges in Iowa in 1951 is also presented in Table 30, 
These pustules were collected early in the year and presuma­
bly had been initiated from the Rhamnus hedges. Of these 
cultures 60.4 percent were race 45, 32.9 percent were race 
101, while the remainder v^ere distributed among races 1, 57 
and 89. 
As the basidiospores infecting the aecial host travel 
only short distances the infection observed on Rhamnus must 
have resulted from telia produced on oats growing in Iowa 
and neighboring states during 1950. Since race 101 was not 
Identified from collections made in this region during that 
year, it would seem that its appearance in 1951 was a re­
sult of segregation and recombination on the alternate host. 
Prom these data it could be inferred that race 45 produced 
Tablo 30. Physiologic races of crown rust identified ainon^ aecial collections froui Hhaanus 
oathartica euid from single pustules on oats adjacent to Rhanmus hedges in 1951. 
Collooted from Numbers of isolates identified as racoi-
45 57 B9 101 
Total 
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47.8 
3 
4 
1 
4 
12 
52 .2 
u 
7 
2 
8 
£3 
100 
2 
2 
2 
to 
Ol 
Single pustules 
near Rhaianue 
Iowa 
Total 
Percent 
1 
1 
1.1 
44 
55 
ti0,4 
4 
4 
<--.4 
2 
2 
17 
23 
32.9 
t6 
91 
100 
5 
5 
96 
most of the Inoculum infecting the alternate host, and la 
not homozygous for factors conditioning pathogenicity, but 
may segregate races 45 and 101 when its genes are recom-
blned on Rhamnus, This explanation does not answer the 
question of why race 101 was not identified in an apprecia­
ble number of isolates at an earlier date. 
Dr. H. C. Murphy first noticed the existence of im­
portant similarities as well as the differences between the 
old common races and the newer races that have replaced 
them. Thus, as far as reaction on the 13 differential var­
ieties is concerned, the race most common at present, race 
45, la identical to race 1 (most common of the older races) 
except for its reaction on the single variety. Bond. On 
the same basis race 57 differs from race 6 only by its re­
action on Bond, This series can be extended to include a 
number of races, but the two examples cited serve to shed 
some light on the possible mode of origin of the new forms 
of crown rust. 
New races could have arisen as reconibinations on the 
alternate host, but this does not satisfactorily explain 
why the most prevalent of them should so closely resemble 
the most common of the older races. Often the functioning 
of the recombination process in the cereal rusts results in 
a considerable diversity of races, some of which show little 
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relationship to the parental types. It appears probable 
that there are e number of different genes and alleles that 
determine the pathogenicity of a strain of crown rust. If 
new races capable of parasitizing Bond had arisen as a 
result of hybridizing or selfing of the old races it would 
be logical to expect them to differ from the parental types 
in several ways. 
As an alternative explanation the possibility should 
be considered of mutations among the older races to produce 
strains capable of attacking Bond. Such an hyphothesis may 
more plausibly fit the observed facts than the theory of 
recombination on the alternate host. If, for example a 
mutation occurred in race 1, enabling it to attack Bond, it 
is entirely possible that other characteristics of the race 
would remain largely unchanged. This appears reasonable in 
view of the highly specialized nature of the parasitism of 
crown rust. Experimental evidence has shown that certain 
specific mutations in some of the rusts are very limited 
in their effects. 
If mutations conferring the ability to attack Bond 
occtirred with any measurable degree of recurrence among the 
strains comprising the crown rust population, a greater 
number of them probably would occur in the more common 
races than in the rare races. Thus when the change-over 
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to the Bond derivatives occurred, mutant strains correspond­
ing to races 1 and 6 were present in greater numbers than 
were other Bond races. In order to explain the subsequent 
relative increases of the different Bond races we need only 
to assume that races 45 and 57 maintained their initial 
advantage• 
In carrying this a step further it can be seen that 
the Victoria races observed in the United States in 1950 
and 1951, racss 55 and 101, differ from conrcaon Bond races 
only by their ability to parasitize Victoria. Conceivably 
they nay have arisen from races 45 and 57 by mutation just 
as these races may have arisen from the still older races 
1 and 6. Such an hypothesis, however, does not fit the 
data as well in this case as it did for races 45 and 57. 
It may explain the origin of race 101, but it does not 
explain the sudden increase of this race in 1951. 
The relatively large number of races of leaf rust of 
wheat known to be present in North America, and the appear­
ance of new races lends strong support to the "mutation 
theory", since the alternate host for this rust is not 
Icnown to function in either North or South America. 
One of the primary purposes of this investigation 
was to compare the relative effectiveness of the three sets 
of differential varieties to determine which one would be 
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of greatest value to pathologists and oat breeders. 
Although the offlciency of each of the sets calculated on 
three different bases has been presented, these results 
will not suffice for the purpose of recoiimiending any one 
of the sets. Efficiency calculated by method 3, utilizing 
19 to 20 differential hosts, while of academic interest, 
probably had little practical value. The nuniber of races 
identified and the number of differential varieties both 
are important. These considerations were given due weight 
in calculating relative efficiency values. Averages of the 
two znethods for all three sets of differentials were pre­
sented. ITie two year average for the old set of 13 differ­
ential ^^arieties was used as a base value of 100 percent. 
The two year average of the new set of nine or ten varie­
ties calculated by method 1 was 162.02, which was far below 
the comparable figure of 302.88 for the combined set of 19 
varieties. The average for the new set calculated by 
method 2 was 222,36 as compared to 188,62 for the corobined 
set. Tthen averaged over both years and methods, however, 
the combined set, y/ith a value of 258.32, was superior to 
the new set with a value of 192,19. Both are superior to 
the old standard set of 15 differential varieties. Conse­
quently, if a recommendation was to be made solely on the 
basis of relative efficiency, the combined set of 19 var-
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leties would be designated. 
Other factors must be considered. The information 
gained by differentiating isolates of crown rust will be 
used primarily by persons interested in oat breeding and 
oat pathology. They are concerned with the prevalence of 
those groups of strains or races that attack varieties used 
as sources of resistance present either in comraercial var­
ieties of oats or those used in producing new coimnercial 
varieties. 
Examination of the coinbined set of differential vari­
eties showed that many among the first 13 are no longer of 
value from a commeroial or breeding standpoint. Races 
differentiated by these varieties are of no interest to 
the oat breeder. Among these are included Ruakura, Green 
Russian, Hawkeye, Sunrise, Green Mountain, White Tartar, 
Sterisel, Belar and Glabrota. These nine varieties could 
be omitted from future sets of differentials for this 
reason alone. Some of them have certain other disadvan­
tages. Green Russian and Sunrise for example were suscepti­
ble to all cultures of crown rust tested in 1950 and 1951. 
Green Mountain, White Tartar, Sterisel, and Belar were sus­
ceptible while Glabrota was resistant to the majority of 
the cultTires tested. Consequently they were of little 
value as differential varieties. 
The reactions of certain cultures on Ruakura, and on 
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some other varieties to a lesser extent, vary somewhat with 
differing environmental conditions (12). The variety 
Sunrise is particularly objectionable because of its strong 
tendency to exhibit extreme necrosis when subjected to high­
er than optimum temperatures in the humidity chamber. 
On the basis of these data it is recommended that the 
old differentials and the combined old and new sets, not 
be used further in the differentiation of crown rust races. 
The ten varieties which comprise the proposed new set 
of differentials all have certain advantages, Landhafer, 
Santa Pe, Trispernia, and Ukraine are used at present as 
sources of resistance to crown rust in many breeding 
programs. Landhafer, Santa Pfe and Ukraine are "good" 
differential varieties. The first two react quite uniform­
ly to the majority of cultures by showing a well-defined 
"0" type reaction not greatly affected by environmental 
variation, Ukraine is either clearly resistant or clearly 
susceptible to nearly all cultures. Unfortunately the re­
action of Trispernia to some cultures is affected by tem­
perature variations, with a tendency for resistance to 
break down at higher temperatures. 
Victoria, Red Rustproof and Bond represent the genetic 
sources of resistance to crown rust in oat varieties cur­
rently grown over much of the United States and Canada, 
- 102 -
They also are good differential varieties, giving reasonably 
clear-cut susceptible or resistant reactions to most cul­
tures. Furthermore, together with Anthony, these three 
constitute a link with the old set of differentials. The 
desirability of being able to relate races identified on 
the new set of differentials to races known by their behav­
ior on the old set was suggested by Br, B. Peturson of the 
Dominion Laboratory of Plant Pathology at Manitoba, Canada. 
The Inclusion of these "older" varieties will enable in­
vestigators to establish such relationships, to a limited 
extent at least. 
Bondvic ia a new variety, recently developed in Iowa, 
which carries a type of resistance to crown rust not found 
in other varieties. Unfortunately it reacts to many cul­
tures by producing symptoms that border between susceptible 
and resistant. Saia, which exhibits clear-cut reactions, 
was included at the suggestion of Dr. B, Peturson. It also 
is resistant to all knovm races of stem rust. 
In view of the individual advantages of these ten 
varieties and! their efficiency when combined to differenti­
ate isolates of crown rust, it is suggested that they be 
used in the future for all crown rust race identification. 
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SUMMARY 
The reactions of cultxjres of crown rust obtained from 
collections made in 1950 were tested on 18 differential 
varieties of oats. The same varieties plus Saia were used 
to differentiate cultures in 1951, 
The varieties used were arranged into three groupings 
or sets. In 1950 the old set contained the standard 13 
differential varieties. The new set contained four of the 
varieties of the old plus five new varieties. The conibined 
set consisted of the entire group of 18 varieties, Vlith 
the exception of the addition of Saia to the new and to the 
comibined sets the same groupings were used in 1951, 
In 1950, 14 races were differentiated using the old 
set. The most common of these was race 45, which accounted 
for 63,1 percent of the total nuni)er of cultures identified 
that year. Two races not previously described were ob­
served, These were designated as numbers 101 and 102, 
Race 101 attacked all varieties of the old set with the ex­
ception of Glabrota, while race 102 attacked all varieties 
of the old set except Anthony, Victoria, and Glabrota, 
Using the new set a total of 27 races were Identified, The 
most coramon of these, race 205a, made up nearly 40 percent 
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of the total number of cultures tested. It was similar in 
reaction to race 45 on the foijir varieties common to the old 
and new sets. Forty-three races were identified using the 
combined sot. The most common, race la, would be identified 
as race 45 on the old set and as race 205a on the new set. 
In comparing the relative efficiency of the three seta 
of differential varieties only the data from the 286 cul­
tures identified on the combined set v/ere used. Fl'om this 
material the old set differentiated 13 races; the nev; set, 
21 races; and the combined set, 43 races. All calculations 
of relative efficiency were made by arbitrarily designating 
the value of the old set as 100, The efficiencies of the 
new and combined sets were compared on this basis, Uaing 
the total number of races identified as the criterion of 
efficiency the new set had a value of 161.54 and the com­
bined set, a value of 330,77, When the number of varieties 
comprising the set was considered in relation to the number 
of races identified, the new set had a value of 233,33; 
and the combined set a value of 238,89, If the nuniber of 
races that each set could theoretically identify was con­
sidered in relation to the number that it actually identi­
fied, the new set had a value of 1107,95 and the combined 
set, a value of 4,33, 
In 1951, 16 races were identified on the basis of their 
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reactions on the old set. Race 45 again was the moat 
prevalent form, being even more coinmon than in 1950. Race 
101, observed for the .first time in 1950, was the second 
most prevalent race in 1951, constituting almost one-fifth 
of the total number of isolates identified. Hypotheses to 
explain the appearance and rapid increase of race 101 were 
considered. Five new races, assigned numbers 103, 104, 105, 
106, and 107 were observed. Race 103 parasitized both 
Victoria and Glabrota as well as all other varieties of the 
old set with the exception of Ruakura. 
Twenty-seven races were differentiated on the basis of 
their reactions on the new set. Race 202 was the most 
prevalent, comprising 36.1 percent of the total. This race 
probably corresponds to race 205a, the most common race 
identified on the new set from the 1950 collections. Using 
the combined set, 44 races were identified. The most 
common of these, race lb can be identified as race 45 on 
the old set and race 202 on the new set. 
Relative efficiencies of the three sets J.n 1951 were 
calculated on the basis of the 370 cultures tested on the 
combined set, using the same procedures as in 1950. Erora 
among these cultTH'es the old set differentiated 16 races; 
the nev/ set, 26 races; and the combined set, 44 races. 
Using the total number of races identified, the new set had 
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a value of 162.50 and the oombined set, a value of 275,00. 
When the number of varieties oompriaing the set was con­
sidered, the new set had a value of 211.38 and the combined 
set, a value of 188.62. Using the number of races that 
theoretically could be differentiated by each set, the new 
set had a value of 615.54 and the combined set, a value of 
2.28. 
The relative efficiency of the three sets of differ­
ential varieties was not the only factor used to arrive at 
an estimate of the over-all value of each. In addition to 
this data the characteristics of the individual varieties 
comprising each set and the value of the races identified 
by each set were considered in terms of their possible 
application to the solution of problems that might be en­
countered in the modern oat breeding program. With tliese 
factors in mind it is recommended that the new set, as 
con^osed of the ten varieties inclxided in 1951, be used 
henceforth to characterize and identify races of crown 
rust. 
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PART II 
INHERITANCE OF RESISTANCE TO SPECIFIC RACES OF 
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INTRODUCTION 
In recent years the breeding of oats resistant to crown 
rust has involved the discovery of sources of germ plasm 
resistant to races prevalent in the area involved, and the 
incorporation of this resistance into varieties that are 
agronoraically acceptable, A knowledge of the mode of the 
inheritance of the resistance found in these varieties would 
be of considerable value in determining the most effective 
breeding procedure to use. 
Fundamental studies of the genetics of resistance to 
crown rust in oats have been somewhat limited in scope. The 
information available has resulted from studies involving a 
limited number of races of crown rust, but may be generally 
applicable as it seema possible that the same genetic 
mechanism governs resistance to all the races in a particu­
lar variety. Host parasite relationships involving crown 
rust, however, represent a delicate balance between the 
genotypes of both the host and pathogen. Consequently it 
might be expected that there would be opportunity for com­
plex gene interactions, with different genes being associ­
ated with resistance to the different forma of crown rust. 
Knowledge of such a situation would be useful to the plant 
<» 
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breeder, particularly in indicating the methods of testing 
to be employed in the breeding program. 
The purpose of this section of the thesis was to in­
vestigate the inheritance of resistance of certain oat 
varieties to specific races of crown rust. 
MATERIALS AND T®iTHOT)S 
The seed of parents and Pg progenies used in this study 
was furnished by Dr. H. C. Murphy. The parents and crosses 
involved, together with the corresponding racea of crown 
rust used in the inheritance study are shown In Table 31. 
Table 51. Crosses used in the study of inherifcatioe of i^esistanos 
to specific races of crown ruat 
Cross 
no. 
Female parent C.I. No . Male parent o
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H
 
*
 O
 
.
 
Races 
1 Landhafer 3522 Reselect 
Clinton 
4969 1,101 
2 Sao X Hajira- Landhafer x 
Joanette 5927 (Mindo X 
Ha jira-
Joanette 
5935 1,101 
3 Cherokee 3846 Early Santa Pe 4518-1 45,101 
4 Landhafer 3522 Triapernia 4009 101 
5 Landhafer 3522 Santa Pe 
Clinton 
5400 101 
6 Bondvio 5401 Andrew 4170 101 
7 Early Santa Fe 4518-1 Trispernia 4009 101 
8 Reselect 
Clinton 4969 Triapernia 4009 1 
Three races, 1, 45, and 101, were used. Race 1 was 
isolated from a 1951 collection obtained near iCnoxville, 
Tennessee, by H. E. Reed. Race 45 was isolated from a 
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Table 32. Average reactions of parental varieties to races used 
to Inoculate their respective Fg progenies. 
Parental variety o
 
.
 
M
 
.
 
O .
 
Race 1 Race 45 
Reaction type 
Race 101 
Landhafer 3522 0 0 
Reselect Clinton 4969 I-O 4 
Sac X Hajira-Joanette 5927 0 4 
Landhafer x 
(Mindo X HaJira-Joanette) 5935 0 0 
Cherokee 3846 4 4 
Early Santa Fe 4518-1 6 0 
Santa Fe Clinton 5400 0 
Bondvio 5401 0 
Andrew 4170 4 
Trispernia 4009 0 0 
1950 collection obtained near P^ mes, Iowa, by the writer. 
Race 101 was isolated from a 1950 collection obtained near 
Weslaoo, Texas, by I, M. Atkins, 
The average reactions of the parental varieties to 
the races used to inoculate their respective Fg progenies 
are shown in Table 32. 
In studying the reaction of each cross to each race 
the Fg seeds and about 15 seeds of each parent were 
planted individually in pots. With this exception pro­
cedures used in inoculating and classifying this material 
were as described in Part I. 
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REVIFvY OF LITERATURE 
Parker (13) reported the first investigation of in­
heritance of resistance to crown rust in oats. He studied 
a cross of Burt x Sixty-Day and concluded that resistance 
was recessive to susceptibility, but was unable to inter­
pret his data on a factorial basis. In a cross of Red 
Rustproof X Scotch Potato, Davies and Jones (2>S) reported 
that the resistance of Red Rustproof waa conditioned either 
by a single factor that waa probably not completely domi­
nant or that a single dominant factor and modifying factors 
were present. 
Dietz and Murphy (4) studied the inheritance of re­
sistance of Sunrise 23 in a cross of Sunrise x Fulghum 41, 
and found that the was susceptible, resistance being 
governed by a single factor. Pulghum carried a gene that 
inhibited the expression of this factor. In a cross of 
Sunrise 23 with another Pulghum selection, as well as with 
other varieties, no inhibiting genes were observed. These 
conclusions showed that closely related varieties may 
differ significantly in genotype for reaction to crown 
rust. 
Weetman (16) reported that the resistance of Bond to 
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pace 1 was governed by two dominant complementary genes. 
With minor variations, similar results were presented by 
Hayes, Moore, and Stalooan (7), Hayes (6), Ko, Torrie, and 
Dickson (9)J and Litzenberger (10). Cochran, Johnston, 
Heyne and Hansing (1) showed that the same hypothesis held 
for Anthony-Bond. They also postulated the exidtence of two 
dominant, complementary inhibitor genes in Richland-Pulghum 
epistatlc to the Bond genes, 
Hayes, Moore and Stakman (7) showed that progenies 
of Bond crosses were not as highly resistant as the Bond 
parent, indicating that the two Bond genes were not comr-
pletely dominant. The work of Hayes (6), who noticed that 
such F^'s were sometimes intermediate in reaction, sub­
stantiated this. 
Torrie (15) and Ko, Torrie and Dickson (9) showed that 
the resistance of Bond may be governed by a single gene 
that la subject to the inhibiting effect of a gene carried 
by some susceptible varieties. Finkner (5) demonstrated 
that Clinton, a Bond derivative, carried a gene epistatlc 
to the gene for resistance found in Klein 69b, 
According to Hayes, Moore and Staianan (7) a study of 
a cross of Bond x Rainbow indicated that the resistance of 
Bond could be explained on the basis of a single gene. 
Another entirely different type of inheritance was reported 
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by Ko, Torrie, and Dickson (9) who crossed Bond with 
S.D,334 and observed that the F2 progeny segregated in a 
ratio approaching 15 susceptible to 1 resistant. 
Studies of the resistance of Victoria have been in 
much better agreement than the results reported for Bond. 
Murphy, Stanton and Stevens (11) and Cochran, Johnston, 
Heyne and Hansing (1) reported that the resistance of 
Victoria to race 1 was determined by a single dominant gene, 
Weetman (16) and Litzenberger (10) reported the same thing 
for resistance to races 1 and 45 as did Pinkner (5) to race 
57. Smith (14), however, found that resistance was dominant 
or intermediate in the and believed that it was governed 
by more than a single pair of genes. 
Kehr and Hayes (8) showed that the resistance of 
Landhafer to races 1, 3, 4, 5, 6, 33, 45, 57 and 68 was 
conditioned by a single dominant gene in the crosses 
Landhafer x (Mindo x Ha jira-Joanette) and Landhafer x 
(Bond-Rainbow x HaJira-Joanette). The Landhafer gene was 
not allelic to either of the Bond genes, Litzenberger 
(10) also found the Landhafer resistance to race 45 to be 
governed by a single dominant gene, while Pinkner (5) 
confirmed the work of Kehr and Hayes for race 57, 
Weetman*s data (16) indicated that the resistance 
of Mutica Ukraine (Ukraine) was governed by two dominant 
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complementary genes and he believed that they were probably 
allelomorphs of the two genes found in Bond. Finkner (5) 
likewise studied Ukraine and showed that it possessed two 
genes for resistance to race 57. These two genes were 
linked in the coupling phase with 23 percent reoombination, 
Finkner (5) also studied the inheritance of resistance 
to race 57 in a number of other varieties, aome of which 
have been mentioned above. He found that Anthony-Bond x 
Boone possessed two genes, one of which wfas allelic to the 
Victoria gene. The other was identical with a dominant 
gene for- resistance found in Trispernia. He found that 
Santa I*'e carried a single dominant gene, which was allelic 
to the Trispernia gene. Litzenberger (10) reported that 
Santa Fe also carried a single dominant gene for resistance 
to races 1 and 45, It appears highly probable that this 
is the same gene reported by Finkner, Recently data 
|3resented by Osier (12) has indicated that the resistance 
of Santa P^e may be governed in part at least by two genes 
which are linked with a recombination value of approxi­
mately 23 percent. 
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SXPEEI^.'EF'PAL RESULTS 
Landhafer x Eeselect Clinton, Race 1 
Both Landhafer and Clinton are resistant to race 1, 
Landhafer exhibiting a "oniforjn 0 reaction under the condi­
tions of this experiraent and Clinton showing mainly 0 type 
lesions but produoin;3 some 1 and 2 type pustnles. Tlie 
work of previous investigators (8, 10, 5) indicates the 
resistance of Landhafer to "be conditioned bj a single gene. 
Assuming that Clinton carried at least one gene for resis­
tance, and that both genes for resistance were dominant, 
about one-sixteenth of the Fg progeny would be segregates 
carrying neither of the genes and would consequently be 
susceptible. 
Of the 160 Pg plants tested, 89 gave a 0-type reac­
tion; two, a 1-type reaction; 39, a 2-type reaction; and 
29, a 4-type reaction. These data do not substantiate a 
hypothesis that assumes the presence of two dominant genes, 
but they may be interpreted on the basis of any one of 
several other genetic hypotheses. The simplest and the 
one that the data closely fit is that Landhafer carried a 
single dominant gene for resistance to race 1, and that 
Clinton carried a single gene for resistance recessive to 
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its allele in Landhafer. If the dominance of each gene was 
complete 30 of the 160 ?£ plants would be susceptible to 
race 1 and the remaining 130 vrould be resistant. The 
actual numbers observed were 29 susceptible and 151 re­
sistant, a very good fit to the hypothesis. Table 33 shows 
the observed and expected frequencies of the phenotypic 
and genotypic classes. The expected breeding behavior of 
the classes in the generation also is given. Because 
of dominance end the ^^arlRbility of the Clinton gene, which 
conditioned a range of reaction from 0 to 2 types, it v/as 
not possible to assign the different resistant phenotypes 
to specific genotypes. 
On the basis of this data the proposed genotype of 
Landhafer was LLAA, the L gene for resistance probably 
corresponding to the dominant L gene previously reported 
for Landhafer, The proposed genotype for Clinton is llaa, 
the a gene, recessive to its allele in Landhafer, condi­
tioning a 0 to 2 type reaction to race 1, 
Landhafer x Reselect Clinton, Race 101 
Under the conditions of this experiment Landhafer 
exhibited a uniform 0 type reaction to race 101, while 
Clinton was completely susceptible. Among the 196 Pg 
Table 33• Observed and ex|>ected frequencies oi piionot/pic and ^enotyoio classes based on Fg 
roacticns to rao© 1 of oruv/n rust fron. a cross of Landliafer x i^ioselsot Clinton. 
Generation Phenotype Genotype 
?'2 Population 
£xp» Exp* Obs< 
% no« no * 
Exp. breeding 
behavior in F, 
Female parent 
(Landhafer) 
Resistant 
0 type 
Male parent iiasistant 
(Eoseleot Clinton) 0-2 type 
F, Essistant 
0-2 type 
Do 
Do 
I.'O 
Co 
Do 
Do 
Susceptible 
4 type 
Do 
LLAA 
llaa 
LXjAA 
LLM 
LlAA 
LLaa 
LlM. 
Llaa 
11 aa 
llAa 
llAA 
ol,2J 150 
30 
131 
29 
Resistant 
Resistant 
liesistunt 
0 type 
Do 
Se^rerate 
0,1,2,4 types 
Resistant 
0 type 
3e-r3-,ate 
0,1,2,4 types 
Resistant 
0-2 type 
Do 
ssgresate 
0,1,2,4 types 
Suscoptible 
O 
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plants tested 47 eavo fi 0-t2?-pe reaction to race 101 j 4, a 
2-type reactionJ 7G, a 3-type reaction; and 67, a 4-t7pe 
reaction. 
Previous inveatigators have established that the re­
sistance 02" Landhafer to several races is determined by a 
single gene. With this assumption at lejsat one-fourth, or 
49, of the Fg plants would be as resistant as Landhafer. 
Forty-seven resistant plants wore observed. An equal number 
of Fq's should be as susceptible as Clinton. The nuraber of 
fully susceptible 4-type plants observed was 67. A pheno-
typio class corresponding to the heterozygots was composed 
of 82 Fg's nearly all of which exhibited a moderately 
susceptible 3-type reaction. This relatively severe infec­
tion would indicate that susceptibility ivas partially dom­
inant, at least under the conditions of this particular 
exper iraent. 
The data were subjected to a test for goodness of 
fit to the single factor hypothesis. A ohi-square value 
of 9.SO was obtained, v^hich barely exceeded significance 
at the .01 level of probability. This does not constitute 
serious evidence against the hypothesis since soriie mis-
class if lea tion among the highly susceptible and moderately 
susceptible types can easily occur. If these two classes 
are combined, the data are in excellent ai^jreement with 
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the 1:5 ratio expected for o single .factor difference. 
The observed and expected manibers and the expected 
breeding behavior of the classes as they would exist iinder 
the foregoing hypothesis are presented in Table Se, The 
genotype of Landhafer would be LL, recognizing that L is 
not dominant over its allele found in Clinton, 
(Sac X Hajira-Joanette) x [Landhafer x (Mindo x Hajira-
Joanette)] , Race 1 
The Sac x Hajira-Joanette parent was resistant to race 
1 giving reactions varying ffom 0 to 1 types. Landhafer x 
(Mindo X Hajira-Joanette) gave a uniform 0 type reaction. 
The Pg progeny of this cross might be expected to 
resemble the progeny of the Landhafer x Clinton cross when 
tested with race 1, The resistance of Sac, presumably 
carried by Sac x HaJira-Joanette, was originally from the 
same source as the Clinton resistance, and the male parent 
of this cross is believed to carry the resistance of 
Landhafer, The data substantiate this assumption, but 
indicate that the female and male parents of this cross are 
not genetically identical for reaction to race 1 with 
Clinton and Landhafer respectively. 
Table 34. Observed and expected frequencies of phenotypic and j^enotypio classos based on rg 
re&otions to race 101 of crown rust from a oross of Landhafer x Reselect Clinton. 
C-e aeration Phenotypo 
1 emalo parent 
(Laiidhc-f ar) 
iiosistanb 
Q typo 
•ilale parent Susceptible 
(fieaeleet Clinton) 4 type 
Jenotype 
LL 
11 
Exp. 3xp. 
% no. 
Obs. lixj;:. breeding 
no. behaTrior in Fg 
fissistant 
Susceptible 
Resistant 
0 typ^  
Intermodi ate 
£-3 type 
Susceptible 
4 type 
a. 
LI 
11 
25.00 49 
50.00 
25.00 49 
47 
o7 
Resistant 
0 type 
Se;;:ret^ ate 
0,2,3,4 types 
Susceptible 
4 type 
H CO ZA 
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Of the 146 Fg plants tested, 36 exhibited a 0-type 
reaction; 8, a l-type reaction; 21, a 2-type reaction; 28, 
a 3-type reaction; and 53, a 4-type reaction. As with the 
Lsndhafer x Clinton cross the large proportion of suscepti­
ble Fg plants from a cross of two resistant parents indi­
cated that genes recessive for resistance were involved. 
An excess of susceptible plants in the Fg population does 
not permit the use of the hypothesis proposed for the 
Landhafer x Clinton cross. Certain new assumptions must be 
made to explain the data obtained. If it is assumed that 
Sac X Hajira-Joanette has a single recessive gene for re­
sistance and that the Landhafer gene for resistance in this 
case also is recessive, it would be expected that 43.75 
percent of the Fg's, or 64 plants would be resistant, and 
56,25 percent, or 82 plants would be susceptible. The 
numbers observed were 65 and 81 respectively, a very close 
fit. Table 35 shows the observed and expected frequencies 
of the phenotypic and genotypic classes that would exist 
under the hypothesis of a recessive gene for resistance in 
each parent. The genotype for Sac x Hajira-Joanette would 
be LLaa and the genotype for Landhafer x (Mindo x Hajira-
Joanette) would be llAA. 
It does not appear necessary to postulate the exist­
ence of a "new" Landhafer gene to explain the recessive 
Table 35. Observed and expected frequencies of phenotypic and j^enotypio classes based on F 
reactions to race 1 of orov/n rust from a cross of (Sao x Hajira-Joanette) x 
[Landhafer x (Mindo x Hajira-Joanette)3. 
Generation Phenotype Genotype 
Fg Population 
Exp . lixp. Obs. 
% no. no. 
Exp. breeding 
behavior in F, 
Female pai'ent 
(Sac X Hajira-Joanette) Resistant 
0-1 type 
Male parent 
Landhafer x (^indo x 
Hajira-Joanette) 
F, 
Resistant 
0 type 
Resistant 
0-2 type 
Do 
Do 
Do 
Do 
Susceptible 
3-4 types 
Do 
Do 
Do 
LLaa 
llAA 
llaa 
Llaa 
llAa 
LLaa 
llAA 
LlAa 
LLAa 
LlM 
LLAA 
43.75 g4 O5 
So.25 B2 81 
Resistant 
Resistant 
Resistant 
Do 
Do 
Do 
Do 
Segregate 
0,1,2,3,4 types 
Do 
Do 
Susceptible 
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nature of the Landhafer resistance in this cross as con­
trasted with it's dominance in the Landhafer x Clinton 
cross. It seems raore reasonable to assime that the Landhafer 
gene exhibited a differing dominance relationship against 
the different genie background of the second cross. 
(Sac X Ha jira-Joanette) x [Landhafer x (Mindo x Hajira-
Joanette)J , Race 101 
The cross Sao x Ha jira-Joanette x [Landhafer x (Mindo 
X Ha jira-Joanette) J also was used to study the inheritance 
of resistance to race 101. The female parent was uniformly 
susceptible, while tbs male parent gave a uniform 0 type 
reaction to race 101. The reaction of the 194 P2 plants 
fell into three classes. Forty-six were apparently as re­
sistant as the male parent; 92 showed border line reactions 
between a 2 and 3 type; while 56 were fully as susceptible 
as the female parent. 
If the male parent had contributed a single gene, 
lacking dominance, for resistance to race 101, a 1:2:1 
ratio of resistant, intermediate and susceptible types 
would be expected. When the data were tested for goodness 
of fit to this ratio a chi-square value of 1.55 was ob­
tained, constituting no evidence against the hypothesis. 
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The observed and expected frequencies of phenotypes and 
genotypes on this basis are given in Table 36. The geno­
type of Landhafer x (Mindo x Hajira-Joanette) for reaction 
to race 101 would be LL and, the genotype of Sao x Hajira-
Joanette would be 11. 
These results substantiate the conclusion drawn with 
regard to the Landhafer x Clinton cross when tested with 
race 101, 
The two crosses differed somewhat in that the 
Landhafer gene in the Landhafer x Clinton cross was appar­
ently recessive, with the heterozygotes exhibiting a 3-
type reaction. In the second cross the expressivity of the 
recessive character was less pronounced as the heterozy­
gotes gave a 2-plus or a 3-minus reaction. It appears that 
the saiae gene is involved but the differences in the F2 
progenies indicate that the degree of dominance exhibited 
by this gene is dependent upon the genie background upon 
which it must function. 
Landhafer x Trispernia, Race 101 
When the parents and Pg progeny of the Landhafer x 
Trispernia cross were studied for reaction to race 101, 
Table 36. Observed and expected frequencies of fiianotypic and genotypio classes based on F-
reaction to race 101 of orov/n x-ust fron a cross of (Sac x iiaJira-Joaaette) x 
tLandhafer x (itindc x Iiajira-Joaiiei:ue)3 
Generation Phenotyp-e Genotype 
I''2 Population 
Exp. Kxp. Obs. 
no. no. 
Exp. breeding; 
behavior in F„ o 
Female parent Susceptible 
(Sac X Hajira-Joanette) 4 type 
iiiale parent 
Landhafer x (Hindo x 
Hajira-Joanette) 
Resistant 
0 type 
Resistant 
0 "type 
Resistant 
2 type 
Susceptible 
4 type 
11 
LL 
LL 
11 
25.00 4U.5 4b 
50.00 97.0 92 
25.00 48.5 5u 
Susceptible 
Resistant 
Resistant 
0 type 
Segregate 
0,2,4 types 
Susceptible 
4 type 
M to 
00 
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both parents proved to be resistant, giving a uniform 0 
type reaction. Of the 169 Pg plants, 52 gave an I-type 
reaction; 63, a 0-type reaction} 4, a 1-type reaction; 32, 
a 2-type reaction; 3, a 3-type reaction; and 15, a 4-type 
reaction. 
Table 37 which presents the observed and expected 
frequencies of phenotypic and genotypic classes, was con­
structed on the assumption that both parents carried single, 
incompletely dominant genes for resistance to race 101. 
The appearance of the large class of Pg's exhibiting an I-
type reaction is interesting. These plants have a higher 
type of resistance than either parent, which presumably is 
due to their possessing genes for resistance from both 
parents. The data indicate that any three of the four 
alleles confer the I-type of resistance. Any two of the 
allels, whether homozygous or heterozygous, condition a 
uniform 0 type reaction, with the exception of occasional 
plants showing a few small 1-type pustules. A single 
allele of either gene reacts to race 101 by the production 
of 2-type uredia. Plants possessing neither of the parental 
genes gave a 4-type reaction. 
With these assumptions the expected numbers would be 
53 4-types, 63 0 to 1-types, 42 2-types, and 11 3 to 4-
types. The numbers observed were 52, 67, 32, and 18 
Table 37• Observed and expected frequencies of phenotypic and £;enotypic classes based on Fg 
reactions to race 101 of crown rust from a cross of Landhafer x Irispernia. 
Generation Phenotype Genotype 
Population 
Exp. Obs. 
no. no. 
Sxp. breeding 
beiiavior 
B'emale parent 
(Landhafer) 
Ziale parent 
(Trisperiiia) 
Fo 
Resistant 
0 type 
l?esistant 
0 type 
Resistant 
1 type 
Do 
Do 
Resistant 
0-1 type 
Do 
Do 
Resistant 
2 type 
Do 
Susceptible 
S-4 types 
liiTTaii 
Ilia! 
LLMI£ 31.25 
LLmni 37.50 
11 wM 
LI Ma 
Llmm 
IIL^  
llnna. 
25.00 
U.25 
oc 
Resistant 
Resistant 
53 52 Resistant 
I type 
Segregate 
I types & 0-1 tyi-:es 
Do 
resistant 
o3 67 Landhafer type 
Resistant 
Trispernia type 
Sagrc.gate 
all types 
Segregate 
resistant 0-2 types 
L, susceptible 
Do 
11 IB Susceptible 
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respectively. The chi-square value for testing this 
hypothesis was 7.93, which is "barely significant at the 
.05 level of probability. This probably does not constitute 
conclusive evidence against the validity of the hypothesis. 
The proposed genotype of Landhafer was LLnim and the 
proposed genotype of Trlspernia was 11BE5. 
Bondvic X Andrew, Race 101 
In the cross Bondvic x Andrew the female parent proved 
to be resistant to race 101, exhibiting a uniform 0 type 
reaction. Andrew reacted to produce 3 to 4-type uredia. 
Of the 181 F2 plants tested 133 gave a 0-type reaction; 6, 
a 1-type reaction; 21, a 2-type reaction; 14, a 3-type 
reaction; and 7 a 4-type reaction. 
These data can be explained by assuming that Bondvic 
carries two genes for resistance, one dominant and the 
other recessive. Table 38 shows the observed and expected 
frequenoies of phenotypic and genotypio classes under this 
hypothesis. It would be expected that 81.25 percent or 
147 Pg plants would be resistant, while 18.75 percent or 34 
plants would be susceptible. The observed values were 160 
and 21 respectively. The test for goodness of fit to this 
ratio gave a chi-square value of 6.03, which is significant 
Table SO. Observed and expected ri*equenoies of pheriotypio and ^enotypic classes based on F_ 
reactions to race 101 of crown rust i'roia a cross of Londvic x iindrew. 
Generation Phenotype Genotype 
Fg Population 
Exp. Exp. 
% no. 
Obs. Exp. breedin^i 
no. bahavior 
Female parent 
(Bondvie) 
H/lale parent 
(Andrew) 
Resistant 
0 type 
Susceptible 
4 -t^e 
Resistant 
0-2 type 
Do 
Do 
Do 
Do 
Do 
Do 
Susceptible 
3-4 type 
Do 
VlVlJTim Resistant 
vlvlMLi Susce ptible 
VlVUlii 61.25 147 loO Resistant 
VlVlLin Do 
VlvllfM Do 
YlVlmm Do 
vlvlmia Do 
VlvlLttmi Segregate 
0,1,2,3,4 tj'pes 
VlvlEim Do 
vlvllan 18.75 34 21 Do 
vlvll2,'I Susceptible 
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at the .05 but not at the .01 lavel of probatillty. 
In addition to tlie relatively large deviations o.f the 
observed nuiabera from the expected, this hypothesis failed 
to provide a genotypic class corresponding to tlie 27 Pg 
plants showing 1 and 2-type reactions. Since these reactions 
were clearly intermediate between tlis reactions of the tv/o 
parents, these Pg's must have been sonetically distinct. 
The proposed genotype of iiondvic was VlYl;:im^ and the 
proposed genotype of Andrev/ was vlvlLEI v/here VI is a ^ene 
dominant for resistance and ra is a gene for resistance 
recessive to its allele in Andrew. 
Cherokee x Early Santa Fe, Race 101 
When the parents and Fg progeny of the cross Cherokee 
X Early Santa Fe were tested for reaction to race 101 the 
female parent, Cherokee, proved to be coripletely suscepti­
ble, exhibiting a uniforia 4-type reaction. Early Santa Fe 
exhibited a uniform 0-type reaction. Of tlie 188 Pg plants 
tested 55 gave a 0-type reaction; 30, a 1-type reactionj 
53, a 2-type reaction; 28, a 2-type react5-on; and a 
4-type reaction. 
Table 39 shows the observed and expected frequenoies 
of the phenotypic and genotypic classes based on a single 
Table 39. Observed and expeoteu frequencies of phenotypio and ^©notypic classes based on F„ 
reactions to race 101 of crovm rust from a cross of Cherokee x Early Santa Fe 
under a single factor hypothesis. 
Generation Phenotype Genotype 
Fg population 
Exp. Exp. Obs. 
HO • no« 
Exp. breeding 
behavior iu F, 
Female parent 
(Cherokee) 
i&le Parent 
(Sarly Santa Fe) 
Susceptible 
4 type 
Resistant 
0 type 
Resistant 
0 lype 
inia 
MM 
MM 25.0 47 55 
Susceptible 
Resistant 
Resistant 
Resistant 
1-2 types 
Susceptible 
3-4 types 
liaii 
mm 
50.0 94 
25.0 47 
Segregate 
85 0,1,2,3,4 types 
50 Susceptible 
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factor hypothesis. With this hypothesis of a singlo, 
partially dominant gene for resistance carried by Santa 
a ratio of 1 resistant to 2 moderately resistant to 1 siis-
oeptible would be expected. If the 1 and 2 types were com­
bined to form the moderately resistant class, and the 3 and 
4 types were classed as susceptible, the observed numbers 
were 55 resistant, 83 moderately resistant, and 50 suscepti­
ble. The corresponding expected frequencies were 47, 94, 
and 47 respectively. The chi-square test for goodness of 
fit gave a value of 2.84, indicating that the deviations of 
the observed from the expected were probably not signifi­
cant, The proposed genotype of Santa Pe could be written 
as MM and the genotype of Cherokee as ram. 
The proposed hypothesis made no provision for separat­
ing the 3-types from the 4-types, and in view of the uniform 
4-type reaction of the female parent it appeared that the 3 
and 4-types of Pg plants may have been genetically different. 
To account for this difference an alternative hypothesis 
was offered. Osier's data (12) indicated that Santa Fe 
carried two genes, which were linked with a recoinbination 
value of approximately 23 percent. 
Table 40 shows the observed and expected frequencies 
of genotypio and phenotypic classes with such a two factor 
hypothesis where the effects of each of the alleles of the 
Table 40. Observed and expected frequencies under a tvfo factor hypothesis of phenot;/pic and 
^^enotypic classes based on ¥'2 reactions to race 101 of orci,ini ruat from a cross of 
Cherokee x Early Santa Fe. 
Generation Phenotype Genotype 
^2 Population 
J^p. Ex.p • ObE. 
no. no. 
lisp, breeding 
behavior in F, 
Female parent 
(Cherokee) 
I.iale parent 
(Early Santa Fe) 
Susceptible 
4 type 
Resistant 
0 type 
Resistant 
0 type 
Do 
Do 
muu 
iffiaru 
IffiJju 
iittUU 
Susceptible 
Resistant 
Resistant 
32.54 ul 65 0 type 
Begragate 
0,1,2 types 
Do 
Oi 
cn 
Resistant 
1*2 types 
Do 
Do 
Susceptible 
3 type 
Do 
Susceptible 
4 type 
itIftUU 
imnUU 
JfcUu 
lAtiuu 
mmUu 
mriuu 
34.84 tid 
17.72 35 
Resistant 
85 1,2 types 
Do 
Segregate 
0,1,2,3,4 types 
Segre^ i^ ate 
26 1,2,2,4 types 
Do 
14.82 26 22 Susceptible 
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two genes (M and U) are additive in action. All four or 
any three alleles confer a 0-type reactionj two alleles, 
a 1 or 2-type reaction; and one allele, a 3-type reaction. 
In the absence of at least one allele for resists rice a 4-
type reaction is evident. When the observed ntffi5)ers were 
tested for goodness of fit to the expected numbers a chi-
aquare value of 7.38, was obtained vrhich was not signifi­
cant at the ,05 level of probability. The fit to this 
hypothesis was not as good as observed for the single 
factor hypothesis, but it would be difficult to choose be­
tween the two hypotheses on the basis of the data obtained. 
Cherokee x Early Santa Fs, Pace 45 
When parents and Pg progeny of the cross Cherokee x 
Early Santa Fe were tested for reaction to race 45 the 
parental reactions were similar to those described for race 
101. Certain differences, however, were apparent between 
the Pg progenies. Of the 183 Fg plants tested for reaction 
to race 45, 60 gave a 0-type reaction; 5, a 1-type reaction; 
28, a 2-type reaction; 65, a 3-type reaction; and 30, a 4-
type reaction. 
Because of some raisclassification of the 2 and 3-types 
it was not possible to definitely assign the moderately 
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resistant and tho susceptible types to specific genotypes. 
Table 41 shows expected and observed phenotypic snd geno-
typic classes based on the asstijnptlon of nonogenic inheri­
tance where the heterozygous and homozygous susceptible 
plants are not readily distinguishable. 
When the data were tested for goodness oi" fit to a 3:1 
ratio a cni-square value of 4.80 was obtained. This value 
was significant at the .05 but not at the ,01 level of 
probability. The relativel^^ high chi-sqiiare valuo, together 
with the failure of tiie hypothesis to separate the modorate-
ly resistant class from the susceptible class, cast soiP-e 
doubt on the validity of the assumption of monogenic inheri­
tance in this case. 
These data also were tested against Osier's (12) hy­
pothesis of two linked genes. As with race 101, it appeared 
that at least three alleles for resistance were required to 
condition a 0-type reaction. The classes comprised of 1 
and 2-types could not be separated from the class made up 
of S-types. They were combined to form a single intermedi­
ate class representing those genotypes possessing either 
one or two alleles for resistance. The Pg phenotypic class 
composed of plants exhibiting a 4-type reaction correspond­
ed to the genotype of the susceptible parent. 
Observed and expected frequencies of the phenotypic 
Table 41. Obsei*ved ana expected frequencieB oi" phenotypio and ^enotyi-ic classes based on F 
reactions to race 45 of crown rust from a cross of Cherokee x liarly Santa Fe. 
•lenoration Phenooype Genotyf« 
Fg Population 
Exp« iixp. Obs. 
/" no. no. 
Ex]£-. breediiiij; 
behavior in T 
Female parent 
(Cherokee) 
Kale parent 
(Siirly Santa Pe) 
Susceptible 
4- type 
Resistant 
0 type 
nmi 
IviM 
Susceptible 
iiesistf.nt 
Resistant 
0 type 
Kesistant 
1-6 types Lin 
25.0 47 60 
75.0 141 128 
Resistant 
Sei^ re.j;6.te 
0,1,2,5,4 types 
CD 
Susceptible 
3-4 types Km Susoei^tible 
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and genotypic classes just outlined are shorni in Table 42. 
The expected nurtibers were 51 as resistant aa Early Santa Pe, 
99 intermediateJ, and 28 as susceptible as Cherokee, The 
observed values of 60, 98 and 30 respectively represented 
a very close fit to the hypothesis. 
It would appear from these data that the inheritance 
of the resistance of Santa Fe to race 45 was governed by 
two linked genes rather than by a single factor, 
Landhafer x Santa Jie-Clinton, Race 101 
landhafer and Santa Ps-Clinton both reacted to race 
101 by producing uniform 0-type lesions. The 166 Pg plants 
tested showed a wide range of reaction. Twenty-one gave 
I-type reactions J 101, 0-type reactions; 12, 1-type reac­
tions; 23, 2-type reactions; and 9, 4-type reactions. 
To interpret these data it was assumed that Landhafer 
carried a single gene for resistance while Santa Pfe-Cllnton 
carried two linked genes having a recombination value of 
approximately 23 percent. Apparently the three were 
additive in effect, each allele contributing an increment 
of resistance. Table 43 shows observed and expected 
frequencies of phenotypic and genotypic classes based on 
these assun5>tiona, 
Table 42. Observed and ej.peoted frequencies under a two factor hypothesis of phenotypic and 
genotypic classes based on Fg reactions to race 45 of crown rust frciu e cross of 
Cherokee x. Early Santa ?e. 
Generation Phenotype Genotype 
Fg Populatiou 
t-xp. iSxp. Ubs. 
/« no. no. 
Exp» breeding 
behavior in Fv 
Famale poront 
(Chsrokee) 
I.!ale parent 
(iierly Santa Fe) 
Susceptible 
4 type 
Resistant 
0 type 
Resistant 
0 type 
Do 
Do 
Intennedi ate 
1^3 ^o types 
Do 
Do 
Do 
Do 
Susceptible 
4 typ-e 
inr.iuu Susceptible 
MMUU Rosista.nt 
liliUU 32 *04 61 GO Rcjsistant 
Milfu Sei_:rej^ a^te 
0,1,2,3 types 
MaUU Do 
Inter-i-cdiate 
Luiuu 52.5u 99 yb 1,2,3 types 
ronlilJ Do 
MnUu Se;;,re^ut© 
0,1,2,3,4 types 
Ivkauu Sa-regate 
1,2,3,4 types 
nanUu Do 
mmuu 14.82 28 30 Susceptible 
Table 43. Observed and expected frequencies of i^henotypio and |;enotyi)ic classes based on F2 
reactions to race 101 of crow^n rust from a cross of Landhafer x Santa Fe-Clinton. 
Generation Phenotype Genotype 
Fg Population 
Exp. Exp. 
r'/ 
/" no. 
Obs. Exp. breeding 
no. behavior in F, Sl. 
Female parent 
(Landhafer) 
Male parent 
(Santa Fe-Clinton) 
Resistant 
0 type 
Resistant 
0 type 
fiesistant 
1 type 
Do 
Do 
Do 
ResistEint 
0,1 types 
Do 
Do 
Do 
LLnmuu 
IIIMJU 
LLfaanj 
LLMMJu 
LLI^ UU 
LIMMJU 
LLl'lIiiuu 
LltMJu 
LllvtaUU 
LltiaUu 
15.54 2 b 21 
66.91 114 113 
Resistant 
Hesistant 
Hesistant 
I type 
Segregate 
1,0 types 
Do 
Do 
Do 
Do 
Do 
Do 
I 
H" ifk K) 
Table 43. (Continued) 
Generation Phenotype Genotype 
Fg Do LLLSaiu 
Do LLnmUU 
Do LUvinuu 
Do LLmmllu 
Do Uintnuu 
Do LlMMiu 
Do LliimUU 
Do IIMMIKJ 
Do llWdUu 
Resistant 
0,1 types lliinUU 
Do llLuiiiu 
Do llmmUU 
Fg Population 
Exp. Exp. Obs. Exp. breeding 
^ n£j| behavior in Fg 
Resistant 
0 type 
Do 
Do 
Do ' 
M 
Do M 
I 
Do 
Do 
Do 
Do 
Resistant 
0 type 
Do 
Do 
Table 43• (Continued) 
Generation Fhenotype Jenot/p© 
Fg Poijulution 
Bxp» Sxp. Obs. 
% no. no. 
Sxp. ureeding 
behavior in F„ 
Do 
Do 
Do 
Resistant 
2 types 
Do 
Do 
Susceptible 
4 types 
Lllinuu 
Llnm-iUu 
llliSaUu 
Lliranuu 11.84 
lli&iuu 
llrrjiiUu 
lljrjnuu 3.71 
Segregate 
0,1,2,4 types 
Do 
Do 
20 25 Do 
Do 
Do 
b 9 Susceptible 
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The appearance of 21 F2 plants showing a highly re­
sistant, immune type reaction indicates transgressive seg­
regation for resistance. The behavior of these plants may 
"be explained by assmning that they carried all six or any 
five of the alleles for resistance contributed by the 
parental varieties. A total of 26 such plants v/ere expect­
ed. Plants showing 0 to 1-type reactions presumably 
carried from two to four of the parental alleles. The 
number of this type expeotea v.-as 114, and 113 were observed. 
The 23 plants recorded as 2-type had only s single allele 
for resistance. The e^spected number for this class was 20. 
No plants exhibiting a 3-type reaction were observed. 
Plants receiving a 4-type classification were those seg­
regates having no alleles for resistance. Jline such plants 
were observed, which was close to the expected number of 6. 
A chi-square test of the proposed liypothesis gave a 
value of 2.73, which does not reach the ,05 level of sig­
nificance and indicates a satisfactory fit. 
Early Santa Fe x Trispernia, Race 101 
When the parents and Fg progeny of the cross Early 
Santa Fte x Trispernia were tested for reaction to race 101, 
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Trispernia exhibited a uniform O-type reaction. Early Santa 
Fe was not as resistant, showing a few 1-type uredia. Of 
the 173 P2 plants tested, 71 gave 0-type reactions; 21, 1-
type reactions; 25, 2-type reactions; and 56, 4-type reac­
tions. 
It might be expected that the inheritance of resistance 
in this cross would follow a pattern similar to tliat found 
in the Landhafer x Santa ?© cross. Both Landhafer and 
Trispernia liave been shown to carry single genes for re-
sistance, and the resistance found in Santa I^-Clinton is 
presumably of similar origin with that of Early Santa Pe, 
The data do not Indicate the same inheritance mechanisms 
are operating in the tv/o crosses. The large number of fully 
susceptible segregates found in the Early Santa Fe x 
Trispernia cross indicate that either fewer genes are in­
volved or that entirely different dominance or epistasis 
relationships exist. 
Pinkner (5) demonstrated that the gene for resistance 
to race 57 in Santa Fb was allelic to the Trispernia gene 
for resistance to this race. P\Dllowing this assumption 
and by further assuming that Early Santa Pe carried another 
gene, vrhich is linked to the first with a recombination 
value of 23 percent, it is possible to interpret the data. 
Observed and expected frequencies of phenotypic and geno-
typic classes on this basis are shown in Table 44. 
Table 44• Observed and expected frequencies of phenotypio and £.enotypio classes based on F2 
reactions to race 101 from a cross of Early Santa Fe x Trispernia* 
G-eneration j'henotype Genotype 
Fg Population |xp. Ebcp. Obs. 
no I no< 
Exp. breeding, 
behavior in F5 
Female parent 
(Early Santa Fe) 
iiale parent 
(Trispernia) 
Resistant 
0 type Lij-cLiU 
Resistant 
0 type Mitluu 
Resistant 
0,1,2 lypes I&liU 
Do MfiUu 
Do MnUU 
Do JSAiu 
Do itnnlJli 
Do LfcUu 
Susceptible 
4 type ^inmj 
Do nunUu 
Resistant 
Resistant 
Resistant 
b7.4o 117 117 0 type 
Do 
Do 
Do 
Do 
Sesre^ rate 
G,1,S,4 types 
32.i54 Do 
Do 
M 
Do mmuu Susceptible 
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Apparently dominance was not complete and the genes were 
additive in their effects. If the relationships v/ere such 
that plants carrying two or more alleles for resistance were 
resistant it would be expected that 67.46 percent or 117 
plants would be resistant. The number of resistant plants 
observed v/as 117, If plants having either no genes for re­
sistance or possessing only a single allele gave a suscepti­
ble reaction it would be expected that 56 plants would ex­
hibit 4-t;ype reactions. Fifty-six susceptible plants were 
observed. It was not possible to assign specific genotypes 
to the 25 2-type plants, due to misclassification among the 
1 and 2-types. Allowing this exception the data fit the 
proposed hypothesis satisfactorily. 
Reselect Clinton x Trispernia, Race 1 
Under the conditions of this experiment reselect Clinton 
was completely immtine to race 1, while Trispernia exhibited 
a 0-type reaction. Of liie 204 ?£ plants tested, 13 showed 
an I-type reaction; 49, a 0-type reaction; 6, a 1-type 
reaction; 74, a 2-type reaction; 38, a 3-type reaction; and 
24, a 4-type reaction. 
At least one gene for resistance must have been carried 
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by each parent, but the data do not appear to fit any readi­
ly discernible two factor hypothesis. Trispernia has been 
shown to carry a single gene for resistance, while several 
investigators have established that Bond, from which Rese­
lect Clinton was derived, carries two complementary genes. 
Table 45 gives the observed and expected frequencies 
of phenotypes and genotypes based on these assumptions. It 
was further assumed that the Reselect Clinton genes exhibit­
ed additive effects and that one (A) was slightly "stronger" 
then the other (L), Apparently both complementary genes of 
Reselect Clinton must be present for the full expression of 
the I-type of rasistsnce to race 1, The expected number 
of I-type type plants was 13 and 13 v/ere observed. The 
Trispernia gene (M) conditioned a 0-type reaction only when 
it was in the homozygous condition. The genotype AABb in 
the presence of Min also permited expression of a 0-type 
reaction. The expected number of 0-types was 61, and 55 
such plants were observed. The Pg plants giving 1 or 2-
type reactions were genotypically AaBB or AaBb in the 
presence of Mm, or AABb in the presence of mm, A total of 
64 of these types v/ere expected and 74 were recorded. In 
the presence of either J,ln or ram, genotypes AAbb, aabb, and 
Aabb conditioned a 3-type reaction. Genotypes aaBb and 
aabb in the presence of Mm or mm were fully susceptible. 
Taole 46. Obsei*ved and expeotad frequencies of piionotypic and genotypio classes based on Fg 
reactions of raoe 1 of crown rust from a cross of Rsseiect Clinton x Trispernia. 
Generation 
Female parent 
(Reselect Clinton) 
L^ale parent 
(Trispernia) 
Fo 
Phenotype Genotype 
I'g Population 
Bxp. Bxp. Obs. 
% no. no. 
Resistant 
I type 
Resistsuit 
0 type 
Resistant 
1 type 
Do 
Do 
Resistant 
0,1 typos 
Do 
Do 
Bo 
ML'aabb 
rir^ MBD 
/^liviAAoo 
KEAaBS 
mJAaDb 
MIlAAbb 
b .2 b 
29 .09 
13 
55 
Bxp. breeding 
behavior in F-s 
Ixesiiitaut 
I type 
Resistant 
0 type 
Resistant 
1 type 
Do 
Do 
Segregate 
1,0 types 
Do 
Do 
Resistant 
0 type 
Ol 
o 
Table 45. (Continued) 
Generation Phenotype Genotype 
Fjj Do IdJaaaBB 
Do MEABibh 
Do iS.IaRBb 
Do HJaebb 
Do MnAiibb 
Resistant 
2 type JiioAaiSB 
Do ihiAaSb 
Do nunAAjb 
Do iimiiiaBB 
Do nmiAciBb 
Susoeptible 
3 type itoAAbb 
Bxp. breeding 
behavior in l- j 
31.2 b u4 74 
16.7b 38 Sti 
Do 
Do 
Do 
Do 
Sei_-ro^ate 
i 
I • 
"i^/pes en 
M 
Segro^ete 1 
1,0,1,2,4 types 
Do 
Do 
Do 
Do 
Se£,ro£ate 
0,1,2,3,4 types 
Table 45. (Con-fcinuod) 
Fg Population 
Exp. iSxp. Obs. Exp. breeding 
Goneration Fheaotype Genotype % no. no. oehavior in I'\ 
Fg JyO Ivjiieialio bo 
L'o I.mAflDb Bo 
Do 
Do 
Do 
Susceptible 
4 type 
Do 
Lo 
Uo 
nffliAAbb Susceptible 
1 type 
mjneaBD Po 
rranAabb Sej^re^ate 
2,4 types 
So^ jrs^ ate 
Ainaai^b 14.0(3 29 24 0,1,2,3,4 tyrss 
Imaabb 3'j^rog,ato 
typas 
maaiiD Sst^re^ate 
5,4 types 
rsiaabb Susceptible 
- 153 -
When the observed n\Mbers were tested for goodness of 
fit to the nurabers expected, the chi-square value was 2.92, 
offering no evidence against the hypothesis as outlined. 
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DISCUSSION 
The experimental results presented in this section 
served to emphasize some of the problems that are commonly 
encountered in studying the inheritance of resistance to 
crown rust. One of these, environmental variation, was well 
illustrated in the crosses Landhafer x Reselect Clinton and 
Reselect Clinton x Trispernia. Parents and P2 progenies of 
these two crosses each were tested for reaction to race 1, 
but at different times and presxanably under somewhat differ­
ent conditions. In the first cross the Reselect Clinton 
parent showed reactions varying from 0 to 2-types. When 
the second cross was tested the Reselect Clinton parent 
proved to be uniformly immune to race 1. In view of this it 
is certainly not surprising that analysis of the two P2 
progenies lead to conflicting conclusions regarding the in­
heritance of resistance of Reselect Clinton to race 1. 
Fortunately the conclusions drawn concerning the geno­
types of the majority of the other parental varieties 
studied were more consistent, Landhafer, or a Landhafer 
derivative presumed to carry the Landhafer resistance, ap­
peared as one parent in fo\ir of the crosses studied. All 
four were tested with race 101 and tivo were tested with 
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rac© 1. In every case the reaistanoe of this variety ap­
parently was governed by a single gene, which is in agree­
ment with previous studies. Considerable variability, 
however, was evident in the degree of dominance expressed 
by this gene in the different crosses. It exhibited nearly 
ooraplete dominance for resistance to race 101 in the cross 
Landhafer x Trispernia. When crossed with Reselect Clinton 
and tested with the same race, dominance was lacking, the 
heterozygotes forming a clear-cut class of intermediate 
reaction types. In the cross Sac x Hajira-Joanette x 
[Landhafer x (Mindo x Ha Jira-Joane tte) J the resistance of 
the Landhafer gene to race 1 was recessive. It is possible 
that different genes were involved but it appeared more 
likely that the same Landhafer gene was responsible in all 
crosses. 
To account for the variability observed it is necessary 
only to assume that the expression of dominance, or lack of 
doiainanoe, of this gene is not ooraplete, but is dependent 
upon its interaction with other genes. This may suggest 
that Sac x Ha jira-Joane tte carried an allele to which the 
Landhafer gene was recessive, but which may be dominant to 
the allele carried by Trispernia. On the other hand the 
degree of dominance may depend on the interaction of the 
Landhafer gene with a relatively large number of other genes. 
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From a practical point of view this question of the 
dominance of genes for resistance to crown rust is of rela­
tively little importance, as any genes for resistance should 
be in the homozygous condition in a commercial variety of 
oats. The possibility of eplstatic effects, however, is 
important. 
The variety Santa ?e was represented either as Early 
Santa Fe or as Santa rie-Clinton in three crosses. All three 
were tested for reaction to race 101 and one, Cherokee x 
Early Santa Pe, also was tested for reaction to race 45. 
Resistance to races 45 and 101 appeared to be inlierited in 
the same manner in those crosses which were tested with 
both races. 
Fecent work reported by Osier (12) has indicated that 
the Inheritance of resistance of Santa Fe may be governed 
by two linked genes which have a recombination value of 
approximately 25 percent. Data from the three crosses in­
volving the Santa Pe type of resistance used in this study 
were satisfactorily explained by Osier's hypothesis. The 
results of the Cherokee x Early Santa F© cross also could 
be explained on a mongenlc basis. 
It Is interesting to note that Flnkner (5) demonstrated 
the existence of two genes (M and U) for resistance in 
Ukraine which also were linked with a recombination value 
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of 22 percent. One of these genes, M, was a meiaber of an 
allelic series represented in Santa Fs and Triapernia. It 
appears that the second Santa .Ve gene may be allelic with 
the D' ii-ene identified in Ukraine* 
Trispernia xvs3 used in three crosses, two of which were 
tested with race 101, K'ace 1 was used to test the cross 
Reselsct Clinton x Trispernia. Conclusions drawn froia the 
three crosses were consistent in that the resistance of 
Trispernia appeared to be governed toy a single gene in each 
case, Aa with Landhafer, however, the degree of dominance 
exhibited varied in the different crosses. 
Data from se^jrogatins progeny of the cross Early Santa 
Fe X Trispernia indicated that the Trispernia gene was 
allelic with one of the Santa Fe genes. 
of the crosses studied, Landhafer x Trispernia and 
Landhafer x Santa Pe-Clinton, v/ere of special interest as 
they exhibited transgressive segregation for resistance to 
race 101, This race produced 0-type lesions on each of the 
three parental varieties, but under the same conditions 
certain Fg plants of both crosses were completely irnmune. 
Apparently these highly resistant segregates carried a com­
bination of genes for resistance from both parents. 
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SUIIMARY 
The mode of inheritance of reaction to races 1, 45, 
and 101 of crown rust was studied in several oat crosses. 
Conclusions drawn on the basis of the reactions of segregat­
ing progenies are sianraarized below. 
1, Landhafer x Beseleot Clinton, race 1. Inheritance 
of the resistance of Landhafer was governed by a single 
dominant gene. The resistance of Reselect Clinton was con­
ditioned by a single recessive gene, 
2. Reselect Clinton x Trispernia, race 1, The re­
sistance of Reselect Clinton appeared to be governed by two 
complementary genes. The resistance of Trispernia was 
governed by a single partially dominant gene. 
3. (Sac X Ha jira-Joanette x TLandhafer x (Mindo x 
Ha jira-Joanette) J , race 1. The resistance of both parents 
was governed by single recessive genes not allelic with 
each other. 
4, Landhafer x Reselect Clinton, race 101. The re­
sistance of Landhafer was governed by a single partially 
dominant gene. 
6, (Sao X Hajira-Joanette) x [Landhafer x (Mindo x 
HaJira-Joanette) ] , race 101. The resistance of 
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Landhafer x (Mindo x Hajlra-Joanette) was governed by a 
single partially dominant gene. 
6. Landhafer x Trispernia, race 101. The resistance 
of both parents was governed by single partially dominant, 
non-allelic genes. Transgressive segregation for resistance 
was observed. 
7o Bondvic x Andrew, race 101. The resistance of 
V 
\ 
Bondvic appeared to be governed by two dominant genes. /\ 
8. Cherokee x Early Santa P^e, race 45. The resistance 
of Early Santa Fe could be explained either by the assump­
tion of a single gene lacking dominance or by the assumption 
of two genes linked with a recombination value of approxi­
mately 23 percent. 
9. Cherokee x Early Santa Pe, race 101. The resistance 
of Early Santa Pfe to race 101 was explained with the same 
hypotheses as its resistance to race 45. 
10. Landhafer x Santa Pe-Clinton, race 101. The re­
sistance of Landhafer was governed by a single partially 
dominant gene. The resistance of Santa Fe-Clinton was 
governed by two partially dominant genes linked with a re­
combination value of approximately 23 percent. Transgres­
sive segregation for resistance occurred in this cross. 
11. Early Santa Fe x Trispernia, race 101. The re­
sistance of Early Santa Fe also was governed by two genes 
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linked with a recombination value of approximately 23 per­
cent, Tlie resistance of Trispsrnia was governed by a 
single gene that either was allelic or identical with one 
of the genes of Early Santa Fe. 
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APPEITOIX 
Table 46« Reaction^ of the new set of ten differential varieties to races of crovvn i*ust 
identified in the United States and Canada during, 1351. 
101 102 103 104 105 10b 107 10 b 109 110 
Hace^ Aathony Viotorie ^ Appier Bond Landhafer Santa Fe Ukraine Trispernia Bondvio Saia 
Average type of infection on differential varieties 
201 R R S S R R R R R R 
202 S R S S R R H R R R 
203 S R S s R R S R R R 
204 E R S s R R S R S S 
205 S R S s R R H R R S 
206 S R s s R R R li S fi 
207 s R s s R R S R S R 
208 s R s s R R s R s S 
209 R R R s R R R R R R 
210 R R R s E R R S R 
211 R R S s R il S R R 
212 S R R s R R R R XI. R 
213 •S S S s R R R li R R 
214 s S S s R R R R 3 
215 8 S S s R R R R S R 
21b S S S s R R S K R 
217 s s s s R R S R S a. 
216 s s s s R R R S R R 
219 s s s s R R a o kj R R 
220 s R s s R R R 3 R R 
221 s R s s R R R S S R 
222 s R s s R R S S R R 
223 s E s s R R S s R S 
indicates that the variety is resistant (infeotion ty^jes 1,0,1, and 2) to the race; 
"S" (infeotion types 5 and 4) indicates susceptibility. 
Table 4tj. (Continued) 
101 102 103 104 105 10 o 107 loe 109 IK 
Raoe^ Antiiony Victoria Appier Bond Landhafer Santa Fe Tjkraine Trispornia Bondvie Saia 
Averag e type of infection on differential varieties 
224 S R S S R R S S S R 
225 s V' S R R R R S R R 
22 c. s R s R R R S R R R 
227 s R s R R R S R R S 
226 K R K R E R s K R R 
229 B R R E R R s R R S 
250 R R S R r: XV R s R R R 
231 S R s R R R s R R R 
232 S B R R R R S R R 3 
2S3 r-a R S R R R R R a R 
234 R F; R R R R R K R S 
2S5 S R R R R R R R R S 
230 s R S R R R R R R S 
237 s •n i (. S R R R R R R R 
236 R R S R R R R R R R 
23S R R R R R R R R R 
240 S R S R R R R R R R 
241 S R S S R R S R R S 
242 S K S s R R R R S S 
^Raoss 201 through 205, and 237 were first identified by 3. Peturson and che author. 
JSaces 204 through 208, 213 throUj^h 225, 227, 233, 241, and 242 were first identifd ed cy the 
author. Races 209 through 212, 22ti, 228 through 232, 234 throui^h 23u, and 23b through 240 
were first identified by iJ. Peturson. 
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Table 47. Descriptive formulas for races of crown rusfc 
identified using the new set of ten differential 
varieties in the United States and Canada during 
1951. 
Race Formula® 
239 1, 2 ,  3, 4, 6, 6, 7, 8, 9, 10 
234 1, 2 f  3 ,  4, 5, 6 ,  7, 8, 9, 
228 1, 2, 3, 4, 5, 6, 8, 9, 10 
229 1, 2 ,  3 ,  4 ,  5 ,  6 ,  8, 9 
209 1, 2 ,  3 ,  5 ,  6 ,  7, 8, 9, 10 
210 1, 2, 3, 5, 6, 8, 9, 10 
238 1, 2, 4, 5, 6, 7, 8^  9, 10 
230 1, 2 ,  4, 5, 6, 8, 9, 10 
201 1, 2, 5, 6, 7, 8, 9, 10 
211 1, 2, 5, 6, 8, 9, 10 
204 1, 2 ,  5 ,  6, 8 
240 2, 3, 4, 5, 6, 7, 8, 9, 10 
235 2f 3j 4f 6^  7^  8^  9^  
231 2, 3, 4, 5, 6 ,  8 j  9 ,  1 0  
232 2, 3, 4, 5, 6, 8, 9 
212 2, 3, 5, 6, 7, 8, 9, 10 
237 2, 4, 5> 6, 7, 8, 9, 10 
236 2, 4, 5, 6, 7, 8, 9 
233 2 ,  4 ,  5 ,  6, 7, 8, 10 
225 2 ,  4 ,  5 ,  6 ,  7, 9, 10 
226 2 ,  4 ,  5, 6, 8, 9, 10 
227 2, 4, 5, 6, 8, 9 
202 2 ,  5 ,  6 ,  7, 8, 9, 10 
205 2, 5, 6, 7, 8, 9 
206 2 ,  5, 6, 7, 8, 10 
220 2, 5, 6, 7, 9, 10 
221 2, 5, 6, 7, 10 
203 2, 5, 6, 8, 9 ,  10 
207 2, 5, 6, 8, 10 
208 2 ,  5 ,  6 ,  8 
222 2, 5, 6, 9, 10 
223 2, 5, 6, 9 
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Table 47. (Continued) 
Race Formula® 
224 2, 5, 6, 10 
213 5, 6, 7, 8, 9, 10 
214 6, 7. 8, 9 
215 5, 6, 7, 8, 10 
218 5, 6, 7, 9, 10 
216 5, 6, 8, 9, 10 
217 5, 6, 8, 10 
219 5, 6# 9, 10 
241 2, 5, 6, 8, 9 
242 2, 5, 6, 7, 8 
^Numbers, coded by subtracting 100, refer to the 
differential varieties as they appear in Table 46. The 
varieties represented by the numbers in a particular 
race formula are resistant to that race. 
